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This report has been prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may be obtained from the
Office of Chief of Engineers, Washington, D.C. 20314. The purpose

*i of a Phase I investigation is to identify expeditiously those dams
which may pose hazards to human life or property. The assessment of
the general condition of the dam is based upon available data and
visual inspections. Detailed investigation, and analyses involving
topographic mapping, subsurface investigations, testing, and detailed
computational evaluations are beyond the scope of a Phase I investi-
gation; however, the *nvestigation_ n _nde it -YaF-y need
for such studies. Qi c-\DA VJ3- @O-C -°250

In reviewing this report, it should be rea'' ie"thatthe-reported
condition of the dam is based on observations of field conditions at
the time of inspection along with data available to the inspection

A team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of

the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected

djmer the na.ue4 operating es QaQ .Ltt jle structure.

''i "i rttO note that f a dam depends on numerous
and constantly changing internal and external conditions, and is
evolutionary in nature. It would be incorrect to assume that the
present condition of the dam will continue to represent the condition
of the dam at some point in the future. Only through frequent inspec-
tions can unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydro-
logic and hydraulic analyses. In accordance with the established
Guidelines, the spillway design flood is based on the estimated
"Probable Maximum Flood" for the region (greatest reasonably possible
storm runoff), or fractions thereof. The spillway design flood
provides a measure of relative spillway capacity and serves as an aid
in determining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general condition and

the downstream damage potential.
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PHASE T REPORT

NATrIONAL DAM INSPECTrION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITIONS
AND RECOMMENDATIONS

iiName of Dam: KEEN LAKE DAM

JState & State No.: PENNSYLVANIA, PA-00092

County: WAYNE

Stream: VAN AUKEN CREEK

Date of Inspection: October 23, 1979

Based on the visual inspection, past performance and the available
engineering data, the dam and its appurtenant structures appear to be in
fair condition.

In accordance with the Corps of Engineer's evaluation guidelines,
the size classification of this dam is intermediate and the hazard
classification is high. The spillway capacity is inadequate for passing
the PMF (Probable Maximum Flood) peak inflow without overtopping the
dam. The project is capable of passing only 14 percent of the PMF.
Failure of this dam will significantly increase the hazard to loss of
life downstream from the dam. The spillway capacity is seriously
inadequate. The project, therefore, is considered to be unsafe, non-
emergency.,

The following recommendations are made for immediate action by the
owner:

1. That a detailed hydrologic and hydraulic engineering analysis
be made by a professional engineer with experience in the
design and construction of dans to determine means for improv-
ing the capacity of the spillway and reservoir system.

2. That all trees and brush be removed from the embankment and
that this work be performed on a regular maintenance schiedule.
The embankment should be protected with an adequate vege-
tative cover.

3. That the walls of the spillway and sluiceway be pointed and
capped to insure its structural integrity.



4. That the leakage at the downstream wall be monitored on a
regular basis noting and recording approximate volume and the
clarity. If increase in volume or any turbidity is observed,
immediate steps shall be taken to identify and correct the
condition.

5. That a formal surveillanct, and downstream warning system be
developed to be used during periods of heavy or prolongud
rainfall.

6. That a program be developud for regular in';perLi;ru and
maintenalco of the tad ii t i

SUBMITiED BY. AP1ROVL'D By

BERGER ASSOCIATES, INC. J S W. PECK
HARRISBURG, PENNSYLVANIA Colonel, Corps of Engineers

District Enmineer
DATE: January 25, 1980
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PHASE 1 INSPECTION REPORT
NATIONAL DAM INSPECTION PROGIIM

KEEN LAKE DAM

NDI-ID NO. PA-00092

DER-ID NO. 64-13

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

A. Authority

The Dam Inspection Act, Public Law 92-367, authorized the
Secretary of the Army, through the Corps of Engineers, to initiate a
program of inspections of dams throughout the United States.

B. Purpose

The purpose of this inspection is to determine if the dam
constitutes a hazard to human life and property.

1.2 DESCRIPTION OF PROJECT

A. Description of Dam and Appurtenances

Note: Project datum elevation is not available. The
reservoir pool elevation shown on U.S.G.S. Quad-
rangle as Elevation 1272, is assumed to be normal
pool elevation (top of spillway weir).

Keen Lake Dam, also known as Keen's Pond Dam is an earthfill
embankment with a downstream vertical masonry stone wall. The maximum
height of the dam is about 26 feet above streambed. The dam has an
overall length of 200 feet. A 24 foot wide spillway is located near the

center of the dam. This broadcrested weir has a crest elevation of 5.5
feet below the low point of the embankment. Adjacent to the spillway is
a sluiceway opening, which is controlled with stoplogs. Removal of the
stoplogs permits lowering of the pool level to about 11 feet below
normal pool elevation. All structures for spillway and sluiceway are
constructed with stone.

A fill was placed across the reservoir about 400 feet upstream
from the dam for a railroad track. This fill was originally about
twenty feet higher than the dam embankment. After the track was
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abandoned, a large part of the fill was excavated and rumoved. A 160
foot± section of this fill is now below the crest elevation of the down-
stream dam. A foot wide stone arch extends through this fill arld
connects the large upstream reservoir with tihe simall pond boLwt'cT1 th
two embankments.

B. Location: Canaan Township, Wayne County
U.S.G.S. Quadrangle - Honesdale, Pa.
Latitude 41-35.5' , Longitude 750-22.4'
Appendix E, Plate I & II

C. Size Classification: Intermediate. (Height: 26 feet
Storage 1449 acre-feet)

D. Hazard Classification: High (Refer to Section 3.1.E)

E. Ownership: James L. Keen
R.D. #1, Box 278
Waymart, PA 18472

F. Purpose: Recreation

G. Design and Construction History

The dam was designed and constructed by the Delaware and
Hudson Canal Company before 1851. That is the year the company received
water flow rights from Jacob Keen, who owned the land covered by the
water. Records of the design or construction do not exist, but it
appears that the dam was constructed at the low end of a relatively wide
valley in which a natural pond was located. Over the years, repairs
were made consisting of replacing wooden floors in spillway and sluice-
way, pointing and guniting of stone walls and the replacement of the
stoplogs.

H. Normal Operating Procedures

The reservoir is used for recreational purposes including
swimming, boating and fishing. Cottages are located near the water's
edge. Normal pool elevation (top of spillway weir) is desirable. All
inflow above that level is discharged through the spillway and sluiceway.

1.3 PERTINENT DATA

A. Drainage Area (square miles)

rFrom files: 15.8

Computed for this report: 14.5

Use: 14.5
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B. Discharge at Dam Site (cubic feet per second)
See Appendix D for hydraulic calculations

Maximum known flood, M;iy 23, 19',3, ba-,,d :c
records for the U.S.G.S. gaging station which
is located near Forest City in the adjoining
Lackawanna River Watershed 1153

Spillway capacity at pool Elev. 1277.5
(low point of dam) 973

Sluiceway capacity over stoplogs at Elev. 1277.5 279

C. Elevation (feet above mean sea level)

Top of dam (low point) 1277.5

Spillway crest 1272.0

Sluiceway opening top of stoplogs 1272.7

Bottom sluiceway 1261.7

Streambed at centerline of dam - estimate 1251

D. Reservoir (miles)

Length of normal pool 0.9

Length of maximum pool 1.0

E. Storage (acre-feet)

Spillway crest (Elev. 1272.0) 887

Top of dam (Elev. 1277.5) 1449

F. Reservoir Surface (acres)

Top of dam (Elev. 1277.5) 113

Spillway crest (Elev. 1272.0) 92

G. Dam

Refer to Plate IV in Appendix E for plan and Plate A-Ill in
Appendix A for section.
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Type: Earthfill embankment with a verticri1 down.tream mwofr-
wall.

Length: 200 feet.

Height: 26 feet.

Top Width: Varies, about 20 feet.

Side Slopes: Upstream - 2.8H to 1V (above water surface)
Downstream - Vertical (Stone wall)

Zoning: None.

Cutoff: Wall perhaps founded on rock.

Grouting: None.

H. Outlet Facilities

Stoplogs in 8' wide channel adjacent to spillway.

I1 . Spillway

Type: Uncontrolled broad crested weir with sloping crest.

Length of weir: 26 feet.

Crest elevation: 1272.

J. Regulating Outlets

See Section 1.3.H. above.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Design data for Keen Lake Dam are not available in the files of the
Pennsylvania Department of Environmental Resources (PennDER) nor in the
files of the owner. The available drawings consist of a property survey
map and two drawings indicating repairs made in 1932 and 1942. Thle two
drawings are reproduced in Appendix E of this report (Plates III & IV).

2.2 CONSTRUCTION

Records of construction of this dam are not available.

2.3 OPERATION

Records of operation have not been maintained. Correspondence in
the PennDER files indicate that the dam was overtopped during floods in
May 1942 and August 1955. The records for 1942 are conflicting. One

letter states an overtopping of 3 feet, another letter mentions 9 inches
over the dam. Washouts occurred on the downstream side at both abutments.
A photograph taken in August 1955 shows the present owner indicating an

overtopping height of about three feet. During the recent inspection,
the owner stated that this height was exaggerated at that time.

2.4 EVALUATION

The only engineering data available for examination were contained

in the files of PennDER, Bureau of Dam Safety. The data was limited to
two drawings and a letter file.

A. Adequacy

While the available information contained in the files are

limited, they are considered sufficient to make a reasonable assessment

of the overall condition of the dam and its appurtenances.

B. Operating Records

Formal operating records have not been maintained for this

dam.

C. Post Construction Changes

The existing drawings indicate a timber floor in the spillway

and sluiceway (Plate IV, Appendix E). This planking has been replaced

with a concrete slab. The wooden gate in the sluiceway has been

replaced by wooden stoplogs.
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A concrete wall was placed at both ends of the embankment
(Plate IV) to divert overtopping water away from the downstream abutment
fill.

Reports and phoLographs indicaLe that the upstream side of the
spillway was gunited in 1933 in an effort to reduce leakage through the
downstream wall and spillway walls. Reports indicate that a 4 foot deep

- -trench was excavated at the upstream side of the spillway and sluicewav.
A concrete cut-off wall was placed in this trench and tied to the spill-
way slab. The original timber cut-off wall was at that time in good
condition, but there was not a good junction between the sheeting and
spillway floor, causing some of the leakage.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

A. General

The general appearance of Keen Lake Dam is fair. This rela-
tively old structure consists of an earthfill embankment and a down-
stream handlaid masonry stone wall. A number of trees are on top of the
embankment. Seepage is occurring at the downstream side of the stone
wall and the spillway is in need of some repair.

The reservoir is used for recreation, including fishing,
boating and swimming. The dam and a part of the reservoir is owned by
Mr. James Keen, who has developed a camping and cottage resort area

*immediately upstream of the dam. Mr. Keen accompanied the inspectors
during their inspection.

The visual inspection check list is in Appendix A of this
report. This appendix also has several sketches made from survey infor-
mation obtained by the inspection team. Included are a general plan,
profile, typical section and several details. Photographs taken during
the inspection are reproduced in Appendix C.

B. Embankment

The actual embankment is relatively short, about 110 feet to
the left of the spillway and about 50 feet at the right side of the
spillway. The upstream slope is flat and is unprotected by grass or
riprap. However, an upstream embankment across the reservoir prevents
any wave action at the dam. The top width of the embankment varies
considerably, with about a minimum width of 20 feet. The top of the
embankment is covered with many trees, some of them close to spillway
walls and the downstream masonry wall. The downstream face of the
embankment consists of a nearly vertical handlaid masonry stone wall,
which appeared to be in good condition. No displacements or bulging
were noticed, indicating that the wall is stable. Some seepage water
was coming out of the wall at both sides of the spillway close to the
bottom of the exposed wall. The amount of seepage does not appear to be
serious for this type of dam.

Concrete walls were added at both abutments. Both walls
tie in with the higher sidehills and were apparently constructed to
direct water from the hillside and any overtopping water of the reser-
voir away from the downstream joints between the dam and the hillside.
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C. Appurtenant Structures

The spillway is formed from stone with a gunited surface. The
gunite ha-i cracked severely and the concrete cap of the wallti Is badly
dcteriorated. It appears that some stones could be dislodged with high
discharges which could endanger the safety of the structure.

Adjacent to the 26 feet wide spillway and separated by aI ston-e
wall is nii eight foot wide sluiceway. TIhis sluiceway, also formed with
stone walls, has a low flow elevation of 1261.7. Stopiogs In the sluice-
way are plarLed to an elevation of about 8 Inches above the spil lwa9 weir
e Ii -!a ( i -n. The stoplogs and the timbors supporting these lov*i. were

icpl~~~~i( eab in17 nfr ng or hndition. N te ehd -
Arg Litt 1978 and. tr In good cond thio n. othr ehdsfic.-

';hle res~ervoir area has flat batiks and appears uo L..: stablt.
The right side of the reservoir -is moqtiy wooded and the Ji.cf side iti
u.;ed for cottages, homes, a campgr-ound and a swim beach. Thcre
reporLs of sedimentation.

A railrad embankment was constructed across the reservoir
about 400 feet upstream of the dam. A 16 foot wide stone arch ailcws
the wdt. r to flow f rom the main reservo Lr i-o the small pond botwcen K(en

Dae am and the railroad embankment. The arch Is in excellent condi-
t ion and the normal water depth at this location. is about 7.3 feet (Se
Plite A-IV, Appendix A). A 160 foot long s-ct Ion of the. ral head embanik-
irient is lower: In elevation than the breast elevation of the Keen Lake
D.I-. 'fie embankment has many trees growingp oin It. Several camp;i tes

arlocated on th embankment.

1". Downstream Channel

'the discharge from the spsillway and sluiceway falls over the
downstream face of the stone wall and into tile natural streambned which
is about i 00 fc-et wide near the dam. The banks are rockli ed and steep
oni the right s;ide and moderately st,?op onl the left side. Ihe ilopes are
wouded ovjer the first 1,000 feet dow~nstreami beyond which the vall 1ev
wideiis. There are ,;ix homes located in this widened val eY which would
be Inl the floodpllain if the dain shoul 1 tall (hue to overt ojp iog. The-re f orc,
tie hazaird citu e- cry for Keen Lake bal; 1.fs iv

'1. 2 EVAI 17,,6 !1

',!L1i c valu t (it 1t -l t WIh lit S is fair.* ii I ' t.it

t lbankmitt ,hiouild r,-move,i .ini -- ' co 'rIt e retpir r 4

frme.d enI- the li~ra.A1. 0iu, sce: :i, 12l- IctV LOre
a,; noI t' 1,1.- .1 . ! no. 11 tt LIS cI' 10 11 1n tio i'1'm1 t water.

cb oii'I itL jal hte. d ,lI, b aitr 1, on a ri: rhmiastn

anl' crligt- 1! 1 11!e of (nt e low.. or c I .j31 t) of I it ritri1



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The operational procedures for Keen Lake Dam are limited. The
reservoir is used for recreation and keeping the pool level at spillway
weir elevation is the major concern. All inflow above that level is
discharged over the spillway.

4.2 MAINTENANCE OF DM

The owner, Mr. James Keen, is of the opinion that tree roots on top
of the embankment will hold the soil together if overtopping would
occur. If the soil becomes saturated, a tree could topple over and
dislodge a large area of the embankment. It is, therefore, more desir-

able to remove the trees and provide a good grass mat for protection of

the embankment surface.

4,3 MAINTENANCE OF OPERATING FACILITIES

The sluiceway and stoplogs are in good condition. The overall

condition of the spillway is good, except that some concrete capping on
the top of the walls and some cementing of the vertical surfaces is
required. There are no mechanical operating facilities and the lake can

only be lowered by removal, of stoplogs in the sluiceway. The maximum

drawdown is about 11 feet below the spillway weir elevation.

4.4 WARNING SYSTEM

The owner of the property lives close to the dam and maintains a

campground in the area. Although daily observations are made, there is

no formal surveillance plan or downstream warning system.

4.5 EVALUATION

The operational procedures should be expanded and should include

the removal of trees on the embankment. The area should then be seeded

to provide a dense protective grass mat. The spillway should be inspected

annually and necessary repair work should be performed.

A formal surveillance plan and downstream warning system should be

developed for implementation during high or prolonged precipitation.
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SECTION 5 - 1YDROLOGY/HYDRAULICS

5.1 EVALUATION OF FEATURES

A. Design Data

The hydrologic and hydraulic analyses available from PennDER

for Keen Lake Dam were not very extensive. No stage-discharge curve,

stage-storage curve, unit hydrograph, nor flood routings were contained

in the PennDER files.

B. Experience Data

The greatest known flood at Keen Lake Dam occurred in May 1942

when the dam was overtopped. The amount of overtopping was reported at

several different depths ranging from nine inches to three feet. This

flood event caused a considerable amount of erosion at both the left and
right abutments.

C. Visual Observations

On the date of the inspection, no conditions were observed

that would indicate that the appurtenant structures of the dam could not

operate satisfactorily during a flood event, until the dam is overtopped.

D. Overtopping Potential

Keen Lake Dam has a total storage capacity of 1449 acre-feet

and an overall height of 26 feet, both referenced to the top of the dam.

These dimensions indicate a size classification of "Intermediate", the
hazard classification is "High" (See Section 3.1.E).

The recommended Spillway Design Flood (SDF) for a dam having

the above classification is the Probable Maximum Flood (PMF). For this

dam, the PMF peak inflow is 17,056 cfs (See Appendix D for HEC-1 inflow

computations).

Comparison of the estimated PMF peak inflow of 17,056 cfs with

the estimated spillway discharge capacity of 1,252 cfs indicates that a

potential for overtopping of the Keen Lake Dam exists.

An estimate of the storage effect of the reservoir and routing
of the computed inflow hydrograph through the reservoir shows that this

dam does not have the necessary storage available to pass the PMF with-

out overtopping. The spillway-reservoir system can pass a flood event

equal to 14% of a PMF.
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D. Darn Break Evaluation

The calculations to determine the behavior of the dam hji the
event of an overtooping and a reso.t lp hi bechi.1 ii o vf tlt' olmhlalnkin 11

indicates that there will be a substantial increase in water levels
downstream from the dam.

Several houses are located about 1,850 feet downstream from
the dam. On the basis of the results o~f a dam break analysis, using the
U.S. Army Corps of Engineers HEC-l program, the water surface elevations
in the vicinity of the houses have been compared. (Refer to Table 1,

Appendix D). The facilities were overtopped in 1942 and 1955 by a
maximum depth of about three feet, with no apparent structural damage.
For this report, is was assumed that an overtopping of four feet depth
would cause a breach of the dam. Calculations indicate that 39 percent

* of the PMF inflow would cause an overtopping of 4 feet. The increase
due to overtopping under no failure condition as compared to no over-
topping, would be 3.1lfeet. While more property would be exposed to
flooding, the increase to the hazard to loss of life is not considered
significant. With failure, however, the breaching analysis indicates a
rise of 5.7 feet above the flow level just prior to breach when consider-
ing a 15 minute time to complete the breach and a 4.3 feet rise above
flow level just prior to bre±ach when considering a 1 hour time to comn-
plete the breach. The increase in hazard to loss of life-and property
damage is reflected not only in the increase in depth of water of 5.7
feet Ln the 15 minute breach and 4.3 feet in the 1 hour breach, but more
significantly in the shorter time to reach the peak. Less time would be
available to respond to the flooding under the breach conditions.

Being an earth embankment, it is judged that the breach would
be completed between the 15 minute and the 1 hour period. The numerical

difference of water levels is 1.4 feet. The property damage would be
similar with either time of failure. Again, however, the time factor is
most significant regarding loss of life. Calculations indicate that the
water depth will increase at a rate of 5.7 feet in 15 minutes under the
15 minute breach condition.

Three dams are located upstream of Keen Lake Dam. For this

evaluation, none of those dams were considered to have failed (See
Appendix D, Sheet 11).

On the basis of these calculations, it is concluded that the
hazard to loss of life and property damage is significantly increased

when the dam is overtopped as compared to the condition just prior to
overtopping.

Refer to Table 1, Appendix D, for comparison of flood water

levels.
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F. SpillwayAeq uacz

The intermediate size category and high hnzard category, in

accordance with the Corps of Engineers criteria and t :ieiine., jiiJi-
cates that the spillway design flood for this dam should be the Probable

Maximum Flood (PMF).

Calculations show that the spillway discharge capacity and
reservoir storage capacity combine to handle 14% of the PMF (Refer to

*Appendix D).

Since the spillway discharge and reservoir storage capacity

cannot pass one-half of the PMF and because the downstream hazard to
loss of life is high and this hazard is significantly increased when the
dam fails as compared to just prior to failure, the spillway is judged
to be seriously inadequate.

The hydrologic analysis for this investigation was based upon
existing conditions of the watershed. The effects of future development

were not considered.

-12-
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

A. Visual Observations

1. Embankment

The visual inspection of Keen Lake Dam did not find any
major signs of distress which would signify an unstable structural
condition. The upstream slope was flat. Although there is very little
protective cover on the slope, the protection of the old upstream rail-
road embankment prevent serious wave damage. The upstream slope and the
top of the embankment are covered with a considerable growth of trees,
which could cause serious problems when the embankment is saturated.

The downstream side of the embankment is formed by a
nearly vertical stone wall. The wall appears to be in good cnndition.
Leakage is occurring on both sides of the spillway close to the bottom
of the wall. Overtopping of the dam in 1942 and 1955 caused washouts at
the abutments, but apparently did not endanger the stability of the
structure.

2. Appurtenant Structures

The appurtenant structures are an integral part of the
dam and consist of a stone spillway and adjacent sluiceway. The sluice-
way is closed off with stoplogs from about 11 feet below spillway crest
to slightly above the spillway crest. The stoplogs were replaced in
1978 and are in good condition. The walls of the spillway and sluiceway
are in fair condition. The top and sides of the center wall are in need
of repair to ensure structural integrity during large discharges.

B. Design and Construction

Design and Construction data are not available for review of
structural stability.

C. Operating Records

Records in the files of PennDER indicate that the dam was
overtopped at least twice in the last 40 years (1942 and 1955). The
1942 flood caused a washout at both abutments on the downstream side,
but there is no indication that these washouts undermined the foundation
of the dam. The washouts were backfilled. The flood of 1942 caused the
failure of the stoplogs in the sluiceway. Other records indicate that
leakage through the downstream wall has existed since at least 1930.

-13-
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D. Post Construction Changes

The post construction changes have been limited to rehabillta-

tion of the floors in the spilll 'iy and ootide', v m] 1 temlpting to

reduce the leakage through the walls under the spillway.

E. Seismic Stability

This dam is located in Seismic Zone 1 and it is considered
that the static stability is sufficient to withstand minor earthquake-
induced dynamic forces. No studies or calculations have been made to

confirm this assumption.

-1I
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SECTION 7 -ASSESSMENT AND RECOMMENDATIONS

7.1. DAM ASSESSMENT

A. Safety

The visual inspection and the review of available information
~? Iindicate that the dam and its appurtenant structures are in fair condition.

Repairs are required to the masonry walls of the spillway and sluiceway
and the trees and brush on the embankment should be removed. Leakage
exists at the downstream wall of the dam. The water is clear at the

present time. Close observation and monitoring of this emerging water

In accordance with ,he Corps of Engineers evaluation guide-
lines, the spillway is inadequate for passing the full PMF peak inflow
without overtopping the dam. The combination of the storage and spill-
way capacity is sufficient for passing only 34 percent of the PHE.
Failure of the dam due to overtopping will significantly increase the
hazard to loss of life downstream of the dam. The spillway capacity is
seriously inadequate. The dam, therefore, is considered to be unsafe,
non-emergency.

B. Adequacy of Information

Although the available engineering data are not sufficient to
make a detailed analysis of the stability of the dam and its apputrtenant
structures, the available drawings, reports and the observed physical
conditions are judged sufficient for making a reasonable assessment of
the overall condition of the dam.

C. Urgency

The recommendations presented below should be implemented
without delay.

D. Necessity for Additional Studies

A detailed hydrologic and hydraulic analysis should be per-
formed by a professional engineer experienced in the design and con-
struction of dams to determine means for improving the capacity of this
spillway and reservoir system.

7.2 RECOMMENDATIONS

in order to assure the safe operation of this dam, the following
recommendations are presented for implementation by the owner:
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1. That a detailed hydrologic and hydraulic engineering analysis
be made by a professional engineer with experieace in the
design and construction of dams to determine means for improv-
ing the capacity of the spillway and reservoir syitem.

2. That all trees and brush be removed from the embankment and
that this work be performed on a regular maintenance schedule.
The embankment should be protected with an adequate graiss

cover.

3. That the walls of the spillway and sluiceway be pointed and
capped to insure its structural integrity.

4. That the leakage at the downstream wall be monitored on a
regular basis noting and recording approximate volume and
clarity. If increase in volume or any turbidity is observed,
immediate steps shall be taken to identify and correct the
condition.

5. That a formal surveillance and downstream warning system be
developed to be used during periods of heavy or prolonged
rainfall.

6. That a program be developed for regular inspection and
maintenance of the facilities.

-16-
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CHECK I.IST

PHASE I - VISUAL INSPECTION REPORT

PA DER # 64-13 NDI NO. PA-O0 092

NAME OF DAM KEEN LAKE DAM HAZARD CATEGORY High

TYPE OF DAM Stone masonry gravity dam with upstream earthfill

LOCATION Canaan TOWNSHIP Wayne COUNTY, PENNSYLVANIA

INSPECTION DATE 10/23/79 WEATHER cloudy, windy TEMPERATURE 50-60

INSPECTORS: R.V. Houseal (Recorder) OWNER'S REPRESENTATIVE(s):

H. Jongsma James Keen

R. Shireman

A.W. Bartlett

NORMAL POOL ELEVATION: 1272.0 AT TIME OF INSPECTION:

BREAST ELEVATION: 1277.5 (as surveyed) POOL ELEVATION: 1272.1

SPILLWAY ELEVATION: 1272.0 TAILWATER ELEVATION:

MAXIMUM RECORDED POOL ELEVATION: (Est. 3 ft. over spillway 1942)

GENERAL COMMENTS:

Dam appears to be in a stable condition. There is no evidence oF
tilting, settlement or other movement. The reservoir is used for
recreational purposes.

A-I



11DI NO. PA-O00 )

VISUAL INSPECTION

EiBANKMENT

OBSERVATIONS AND REMARKS

A. SURFACE CRACKS
EMBANKMENT MASONRY WALL

N/A Loose stone.

B. UNUSUAL MOVEMENT
BEYOND TOE N/A None.

C. SLOUGHING OR EROSION
OF EMBANKMENT OR
ABUTMENT SLOPES N/A None.

D. ALIGNMENT OF CREST:
HORIZONTAL: Horizontal - Okay Good.
VERTICAL: Vertical - See Profile

Plate A-IT.

E. RIPRAP FAILURES

N/A N/A

F. JUNCTION EIBANKMENT Both abutments have
& ABUTMENT OR N/A a concrete wall
SPILLWAY diverting overflow

water away from the
abutment fill.

G. SEEPAGE See sketch. Close

N/A to groundline both
sides of spillway.

H. DRAINS

N/A None.

J. GAGES & RECORDER

None. N/A

K. COVER (GROWTH)

Trees. None. Trees close
to wall.
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NDI rO. PA-00 091

VISUAL INSPECTION
OUTLET WORKS

A. INTAKE STRUCTURE 0 ....R , 1;I A11
Stoplogs in sluiceway can lower reservoir
to elevation 1261.7.

B. OUTLET STRUCTURE N/A

:!-

C. OUTLET CHANNEL Adjacent to spillway.

D. GATES Stoplogs.

E. EMERGENCY q Emergency drawdown is provided by stoplogs
to te left of the spillway in old sluiceway.

F. OPERATION & Stop logs replaced in 1978.
CONTROL

G. BRIDGE (ACCESS) None.
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N01 NO. PA-0 092

VISUAL INSPECTION
SPILLWAY

()13"LRVIl I h AUlD '

A. APPROACH CHANNEL The flow to the spillway must pass through a

stone arch which goes through a separate
embankment. A small lake is formed between
this embankment and the main dam. See plan A-I.

B. WEIR:
Crest Condition Broadcrested weir.
Cracks Walls gunited (1933) now spalled,
Deterioration cracked and broken.
Foundation Vertical drop to plunge pool.
Abutments Abutment walls need repair.

C. DISCHARGE CHANNEL:
Lining Natural mountain stream below plunge pool.
Cracks Wooded overbanks - rock channel bottom.
Stilling Basin

D. BRIDGE & PIERS

None.

E. GATES & OPERATION
EQUIPMENT Stoplogs in sluiceway adjacent to spillway.

F. CONTROL & HISTORY

Dam overtopped in 1942 and 1955.
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fNr)I NO. PA-0 0 )2

VISUAL INSPECTION

OBSERVATIONS AND REMARKS

INSTRUMENTATION

Monumentation None.

Observation Wells None.

Weirs None.I

Piezometers None.

Staff Gauge None.

Other None.

RESERVOIR

Stable, flat, partially wooded.SlIopes

Sedimentation None reported.

Watershed Mostly cultivated land with some marshland and
Description woodland.

Floodplain of channel 100 '± wide steep side
DOWNSTREAM CHANNEL slopes on right - moderate 4:1 - 3:1 on left

side near dam.
Condition

Slopes Wooded slopes 8" - 12" trees some evrgreens -

downstream widens in vicinity of homes.

Approximate 20±
Population

6 homes in flood plain within 1/2 mile of dam.
No. Homes

A- 5
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CHECK LIST
ENGINEERING DATA

PA DER 64-13 oi t r . ['A--OO ()92

NAME OF DAM KEEN LAKE DAM

ITEM R EMARKS

AS-BUILT DRAWINGS Not available.

REGIONAL VICINITY MAP U.S.G.S. QuadrangleHonesdale, Pa.

See Plate II, Appendix E

CONSTRUCTION HISTORY Built around 1850.

GENERAL PLAN OF DAM See Plate III, Appendix E.

TYPICAL SECTIONS Not available.

OF DAM

OUTLETS: See Plate III, Appendix E.

PLAN
DETAILS
CONSTRAINTS Not available.

DISCHARGE RATINGS Not available.
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NDI NO. PA-no 092

ENGINEERING DATA

ITEM REMARKS

RAINFALL & Reported at Forest City 4.4 inches, Pleasant
RESERVOIR RECORDS Mount 4.03 inches on May 22, 1942.

DESIGN REPORTS None available.

GEOLOGY REPORTS None available.

DESIGN COMPUTATIONS: None available.
HYDROLOGY &

HYDRAULICS
DAM STABILITY
SEEPAGE STUDIES

MATERIALS INVESTIGATIONS: None available.
BORING RECORDS
LABORATORY
FIELD

POST CONSTRUCTION See Plate III, Appendix E.
SURVEYS OF DAM

BORROW SOURCES Unknown.
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NDI NO. A- C(92

ENGINEERING DATA

ITE1 RLIIARK'

MONITORING SYSTEMS None.

MODIFICATIONS None.

HIGH POOL RECORDS 2.5 feet overtopped Yay 1942.
About 3 feet overtopped August 18, 1955,
Hurricane Diane.

POST CONSTRUCTION No engineering reports or studies.
ENGINEERING STUDIES
& REPORTS

PRIOR ACCIDENTS OR
FAILURE OF DAM

Description: Stoplogs failed on May 24, 1942.

No reports.
Reports:

MAINTENANCE & Not maintained.
OPERATION RECORDS

SPILLWAY PLAN, SECTIONS General Plan only. No details.
AND DETAILS
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fD I NO. pA-n,)

ENGINEERING DATA

I TEN REMAR KS

i OPERATING EQUIPMENT, None.
, ,PLANS & DETAILS

CONSTRUCTION RECORDS Not available.

PennDER Inspection Reports since 1930 indicate
PREVIOUS INSPECTION brush and trees on the embankment and on down-
REPORTS & DEFICIENCIES stream wall. Leakage has been reported through

sluiceway walls and at the bottom of the down-
stream wall.

MISCELLANEOUS
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NOI NO. PA-o0 09?

CHECK LIST

HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

L
DRAINAGE AREA CHARACTERISTICS: 35% woodland, 60% farmland, 5% urban

ELEVATION:

TOP NORMAL POOL & STORAGE CAPACITY: Eiev. 1272 Acre-Feet 887

TOP FLOOD CONTROL POOL & STORAGE CAPACITY: Elev. 1277.5 Acre-Feet 1449

'MAXIMUM DESIGN POOL: Elev. 1277.5

TOP DAM: Elev. 1277.5

SPILLWAY:

a. Elevation 1272

b. Type Broad crested weir with sloping crest

c. Width 26'

d. Length 25'

e. Location Spillover Near center of dam

f. Number and Type of Gates None

OUTLET WORKS:

a. Type None

b. Location

c. Entrance inverts

d. Exit inverts

e. Emergency drawdown facilities

HYDROMETEOROLOGICAL GAGES:

a. Type None

b. Location

c. Records

MAXIMUM NON-DAMAGING DISCHARGE: 1252 cfs
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KEEN LAKE DAM

PA.-00092
KEY MAP OF PHOTOGRAPHS

Surveyed /0-23- 79 PLATE C-1



TOP OF EMBANKMENT LOOKING TO THE LEFT END - NO. 2

- k •, - °. ..

SEEPAGE AT DOWNSTREAM FACE - NO. 3

PA-00092
Plate C-If



UPSTREAM SLUICEWAY AND SPILLWAY -NO. 4

DOWNSTREAM ELEVATION OF SPILLWAY AND SLUICEWAY -NO. 5

PA- 0009 2
Plate C-111



Ask..

THE UPSTREAM EMBANKMENT WITH ARCH - NO. 6

LOOKING TO UPSTREAM SLOPE - NO. 7

PA-00092
Plate C-TV



DOWNSTREAM CHANNEL -NO. 8

REEROI -,O 9

PA-00092
Plate C-V
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SUnNARY DESCRIPTION
OF

FLOOD HYDROGRAPH PACKAGE (HEC-1.)
DAM SAFETY VERSION

The hydrologic and hydraulic evaluation for this inspection report

has employed computer techniques using the Corps of Engineers computer
program identified as the Flood Hydrograph Package (HEC-I) Dam Safety

*Version.

The program has been designed to enable the user to perform two
basic types of hydrologic analyses: (1) the evaluation of the over-
topping potential of the dam, and (2) the capability to estimate the
downstream hydrologic-hydraulic consequences resulting from assumed
structural failures of the dam. A brief summary of the computation
procedures typically used in the dam overtopping analysis is shown
below.

- Development of an inflow hydrograph to the reservoir.

- ,Routing of the inflow hydrograph(s) through the reservoir
to determine if the event(s) analyzed would overtop the
dam.

Routing of the outflow hydrograph(s) of the reservoir to
desired downstream locations. The results provide the
peak discharge and maximum stage of each routed hydrograph
at the outlet of the reach.

The output data provided by this program permits the comparison of
downstream conditions just prior to a breach failure with that after a
breach failure and the determination as to whether or not there is a
significant increase in the hazard to loss of life as a result of such a
failure.

The results of the studies conducted for this report are presented
in Section 5.

For detailed information regarding this program refer to the Users
Manual for the Flood Hydrograph Package (HEC-l) Dam Safety Version
prepared by the Hydrologic Engineering Center, U.S. Army Corps of
Engineers, Davis, California.
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TABLE NO. I

COMPARISON OF WATER SURFACE ElEVATIONS'

KEEN LAKE DAM

PMF = 17,056 cfs

Crest Elevation - 1277.5 Low Point - 1277.5 Spillway Elevation - 1272

CREST OF DAM 1850' D/S OF DAM*
- STAGE ELEVATION DEPTH ELEVATION

A. At Low Point in
Embankment Crest 1277.5 0 1240.9

B. 39% PMF Overtopping
No Breach 1281.64 4.14 1244.0

C. 39% PMF Overtopping
(15 Min. Breach) 1281.51 4.01 1249.7

D. 39% PMF Overtopping
(1 Hour Breach) 1281.51 4.01 1248.3

*Several houses located about 1850 feet downstream of Keen Lake Dam.

Condition C: (Time refers to elapsed time after start of storm).
Time to reach breach elevation 1281.5 at dam = 45.0

Hours. Water level 1850' downstream prior to breach
= 1244.0. Duration of breach = 15 Minutes.
Time for breach to peak 1850' downstream = .25 Hours.
Peak elevation 1850' downstream due to breach = 1249.7.
Rate of increase in water level = 5.7' in 15 Minutes.
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HYDROLOGY AND IYDRAULIC ANALYSIS
DATA BASE

NAME OF DAM: KEEN LKRIVER BASIJ: _DELAWARE

PROBABLE MAXIMUM PRECIPITATION (PMP) ___ . INCHES/24 HOURS

IFOR FOOTNOTES SEE NEXT FAGE)

STATION 2 3 4

Elk Elk Little Little Keen
Lake Lake Dam Keen Pond Pond Dam

DRAINAGE AREA (SQUARE MILES) .89 9.36

CUMULATIVE DRAINAGE AREA .89 .89 10.25 10.25
(SQUARE MILE)

6 HOURS ill il1
Z 0 12 HOURS 123 123 i

24 HOURS 133 133
z 48 HOURS 142 142

- 1w 72 HOURS _ _

ZONE 1 1
a.

< /CI(4)SC /C1  .45/1.23 .45/1.23

0 w L (MILES) 6.01

< Lco (MILES) L'=.71 3.98

w ct Lc0.3
1.0 ( I C(L'Lc,) (hours) 1.0(10) 3.19

CREST LENGTH (FT.) 4.6 26

FREEBOARD (FT.) 5.9 5.7

DISCHARGE COEFFICIENT 2.7 2.7
EXPONENT 1.5 1.5

-J
a.

ELEVATION 1419 1291

NORMAL POOL 157 19.6

ELEV. 1420 188.7 Elev. 1300, 179.5

-q 40266.8 Elev. 1320! 509
ELEV.

NORMAL POOL 2922 92

U, EV 1363.2 0 Elev. 1276. 0

o #. ELEV.

ELEV -_



HYDROLOGY AND HYDRAULIC ANALYSIS
DATA BASE

NAME OF DAMI: KEEN LAKE RIVER GASIN: DELAWARE

PROBABLE MAXIMUM PRECIPITATION (PMP) : 21.3-_ _ INCHES/24 HOURS

(FOR FOOTNOTES SEE NEXT PAGE)

STATION I2 ! 3 -4

STATION Lake Lake Keen Keen

STATION DESCRIPTION Ladore Ladore Dam Lake Lake Dam

DRAINAGE AREA (SQUARE MILES) 3.37 .91

CUMULATIVE DRAINAGE AREA 3.37 3.37 14.53 14.53
(SQUARE MILE)

6 HOURS 1ii ii1
ZO 12 HOURS 123 123

"' " 0 24 HOURS 133 133
. z< 48 HOURS 142 142

- ; 72 HOURS - -

ZONE (3) 1 1

4 (4)rrC p ICt 4
•/C.45/1.23 .45/1.23

0o)
w L (MILES) 5  1,., 4.17

L , (MILES) 186a: co 1.88 L'=.6
( 9 )  

,

(L Tp : Ct (L Lco)O03 (hours) .9(10)~~~2.28 .(0
z
U)

CREST LENGTH (FT.) 47 26

FREEBOARD (FT.) 4 5.5

DISCHARGE COEFFICIENT 2.9

EXPONENT 1.5 1.5
-j

ELEVATION 1367 1272

NORMAL POOL 261 91.8

w ELEV. 1380 390 Elev. 1280 123

ELEV. _Elev. 1300 i 197

NORMAL POOL L  1605 i 887

4 " ELEV. 1348.6 (8 0 Elev. 1243 0
I II

o 0% ELEV.

ELEV - iI

~ J



I1~lvd rome teoroljia f.eport3 (u i gi' ii- 1), 11. S. A t-mY , CorI.ps oF
Engineers, 1956.

j2 l1ydromjeteoroL-1.oca Repot t 3 (Vi I otre 2). U. S. Arml, , Corps or
Engineers, 1956.

(3) Hydrological zone defined by Corps of Engineers, Baltimore District,
for determining Snyder's Coefficients (C pand CO).

(4) Snyder's Coefficients.

(5) L = Length of longest water course from outlet to basin divide.
L ca = Length of water course from outlet to point opposite the

centroid of drainage area.

(6 )planimetered area encompased by contour upstream of dam.

(7) PennDER files.

("~Computed by conic method.

()I= Length of water course from end of reservoir to basin divide.

(0 = C~ (LI) 0.6 .

t. . . . . . . . ..
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45 Y7 1650 1320 1900 1340 2050 1360
46 N 6 1
47 Ki INFLOW IIYDROGRAPH LIILE KEEN POND SUBAREA
46 Il 1 1 9,36 14,53
4? P 213 111 123 133 142
50 1 1 .05

1 1w 3,19 .45
52 X -1.5 -. 05 2
53 K 2 7O 54 KI COMBINE HYPRUGRAPHS AT LITTLE KEEN POD..
55 N 1 B8

56 KI RESERVOIR ROUTING - TIIRU LITTLE KEEN POND
57 Y I

59 Y4 1291 1291,5 1292 1292.5 1293 1294 1295,5 1296,7 1297.5 1198.5
60 Y4 1300 1302.



.U 1 i? -1+

59 Y4 1291 t271 1271. 1WW' "~ 7
60 Y4 1300 ft!?
61 Y5 0 25 72 1.1 202 i7 % 9A I1A7 2I'?
62 Y5 3703 7210
63 SA 0 19.6 179,5 509
64 IE1276,9 1271 1300 1320
65 41 1291.o6 fu12?6,7
6i K 1 9
68 KI ROUTING 1IHRU REACH 8 - 9
69 Y 1
70 YI 1
71 Y6 .1 .08 .1 120 13'M0 5 00)3
72 Y7 0 1340 250 1320 410 1300 700 1280 710 1280
73 Y7 900 1300 1000 1320 1120 1310H 74 K 10 I
75 KI INFLOW HYM1OORAfMl - L4KE LADORE SUBAREA
76 m 1 1 3,37 14.53

'1 o 77 F 21.3 111 123 133 142
78 1 1 0o
79 W 2,28 45

g0 y -1,5 .05 2
81 K 1 11 1
82 KI RESERVOIR ROUTING - THRU LAKE LADORE
83 y I
84 YI 1 1605 -1
85 Y4 1367 1367.4 1367.7 1368 1369 1370 1371 1371.5 1372 1372.5
06 Y5 0 36 81 155 491 1002 1694 2291 3311 4586
81 $A 0 261 390
88 $EJ348,6 1367 1380
87 1$ 13-1)
90 D 1371
91 K 1 12 1
92 NI ROUTING IHRU REACH 11 - 12
93 y I
94 YI I
95 Y6 .1 ,08 ,1 1280 1340 1050 .06
96 Y7 0 1340 100 1320 290 120 300 1300 350 1280

97 Y17 470 1300 520 1320 650 1340
98 K 13 1
99 hI INFLOW HYDROGRAPH - KEEN POND SUPAREA
100 M 1 1 .91 14.53

S101 P 21.3 111 123 133 142
. 102 l 1 .05

103 W .9 .45
104 X -1,5 -,05 2
105 K 3 14 1
106 KI COMPINE HYDROGRAPIIS AT KEEN POND
107 K 1 15 1
108 hi RESERVOIR ROUTING - THRU KEEN FUND
109 Y I
110 YI 1 99r -1
I11 Y4 1272 1272.5 1273 1273.5 1274 1275 1216 1277,5 127B 1278,3
112 Y41278,7 1279,3 1201,5 1284
113 Y5 0 27 79 158 252 405 762 1252 1449 1598
114 Y5 1842 ,325 510 98,0
115 IA 0 71.8 123 197
116 tE 1243 1272 1280 1300
117 $$ 1272
18 $11277.5 N



lie 1111277.5
119 K ??

RUNIOFF HYDflr~ iTT"H ()

ROHlE HYP ROOIvN III3
PflUIE HflllUfOVllF IQ1(

RUNOFF HYDROGRAPH AT 6
COMBIIE 2 IlYUROGRAPHlS AT 7
ROUTE HY1iiROFRAF'H TO 8
ROIiE HYEIFOORAPH TO ?
Rll'VrV IIYDlRUGRAPH AT 10
ROFIFE lIYDROGRAPH TO 11
ROUTE HYDROGRAP11 TO 12

C0inlilE 3 HYII'RUGRAPHS AT 14
ROUTE HYD'ORAPH TO 15
ENDI OF NETWORK

O FLOOD HYI'RCGRAFH PACKAGE (OEC-1)
DAM sNfl CV .E;5SION JUL.Y 1970

* LAST MODlIFICATION 26 FEE' 79

f ~RUN [,ATE* 7?/12/2,.
TIMEO 14-09,20.

,1U0 PUND DAM Mt4 VAjN AU~FJJ CREEK
Ct-,JAAN WP.. WAYNE CfOUNTY'r PA.0 ((DI # PA-00092 PA DER 4 64-13

JOB SFEClFICAM1ON
No NII 10 (FIN 111111 lR IlOIN METRC IPLT IPRT NSTA'J

300 0 15 0 0 0 0 0 -4 0

0 JOFER ((WE LR'OPT 1 ROCE

43 MOLT I -f' AN ANALYSES 10 DF PLR[ URMF.D
NP[AI;= 1 NRTIO= 9 LRTIO= I

RTJOS= 1.00 .75 .50 .40 .30 .210 .15 .10 .05

0

SUP-AREA RUNOFF COMIUAT ION

INFLOW HYDROGPAPH -ELK LAtE SUBAREA

oISTAO 100(11 IECUN ITAPE JPLI JPRT INAME ISTAGE IAUTO
1 0 0 0 0 0 1 0 0

______________________________ - YflPPfl 1iATA



'11 1.1~ FdPII F.I I~I I I I A ff

* 1 0 () 0

HYDROCR Ar-H i~
IHyD6 JUNG TAREA SNIAP IRSDA TR5IFC RAI10 ISNOWJ ISAKi LOCAL

1 1 .89 0.00 14 .'73 0,00 0.000 0 0 0

FRECIF DATA

SFFE I'lls R6 R12 R 2 1 R18 R7 2 R T6

0.00 It.30 111.00 123.-00 133.00 1421,00 0.00 0.00

TRSPC COMUTED BY THE PROGRAM IS .013

LOSS VPTA

LROPT STRIKR ELT R RTIOL ERAIII SIR~KS R1101I% SIRIL CNSlL ALSMX RTIr.P

0 9.00 0.00 1,00 0.00 0,00 1.00 1,00 .05 0,00 0.00

L~i I THyfi'PoPi[FW DiATA
ir= 1.00 C.P= .45 NIAT 0

RELEST ION BAIA

STRIO= -1.50 9RCSN= -05 rTI0Ri 2.-00

UNIT HyjiIP0GpjlrH 36 EtND-UF-fERIOI' OPIE'INAIESv LAG- 1.01 11011151 Cp= -45 VOL= ;.00

216. 97, tell, N 7. 25 3 21 2 Ai, I1 17
9?. 52.72. 4 4-1, 3'5, 3"' ' 3.

20, 17, 14, 12. 10. Y. B. 6. 5.

4, 3, ,,.-

0 EidlCF4FERIfD FLOW

NflDA HR.11N PERIOD RAIN EXCS LOSS COM11) 1 10O.I1A HR.Mil PRIOD 1 R61N 1XCS LOSS comp u

3U.I 24.58 22 .20 2.37 5165.
624.)( 564.)( 61.)( 1463.56)

RSVFRVOIR ROVIIINi - 11R.11 Ftih LAKE

Is I A !CF0.!p lEcl, ITAPE llf' T 'rIf I~h~ 13TAGE 1AUTO
2 1 0 0 0 0 1 0 0

MWUTISO 10TA
P.05 cto i A.5G IRIS lgt IOPI 111' ' I KE

0. 000 00 1 0 0 0 0

KiTps 145 11L LAG ?flitl x TSK SIORA ISPRAT

1 0 0 01000 01000 0.000 2922. -1

STAGE 1419.00 1420.00 1420.50 1421.00 14 .2.00 1473. M W440 1449 1455j V



IOYUlpo AF{ i IW !J1 ;

RESERVOIR R iTING - 711,! Fl l[

151(8! ILLIPI l u rr~n I',rL 3P{.I ' iJ [!! ".t !H
2 1 I 1 0 0 1 1 ,t

r,,uUI il]U i.,\h

OLOSS CLOSS AVG IRES ISAtiE IOPT IFII LSTR
0.0 00000 0100 1 0 0 0 0

NSTPS NSTPII LA6 A!I..DKK X 151i, 5TUJRA ISP'RAT

1 0 0 0.000 0,000 0.000 " 2  -

STAGE 1419,00 1420,00 1420,50 1421,00 1422.00 12,3.00 142400 1424.90 1425.50 14.,,

FLOW 0.00 12.00 23.00 35,00 65.00 105.00 151.00 198.00 482.00 o8b.

SURFACE AREA= 0. 157, 181, 267,

CAPACITY= 0. 2920, 307.1A. 7625.

ELEVATIONz 1363. 1419. 14204 1440,

CREL S N11 (;0t;JW EXPW ELEVL Cl1. CAREA LXPL
1419.0 0,0 0,0 0,0 0,0 0,0 0,0 0.0

J'At O A
TOPEL C£U8D EXr', 1Al41D

1424,9 0,0 0,0 0,

PEAK OUTFLOW IS 147, AT TlhE 47.25 HouRS5

PEAK OUTFLOW IS 98. AT TIl{E 47.50 HOURS

PEAK OUTFLOW IS 54, AT T17ff. 43,25 HOURS

PEAK OUTFLOW IS 37, AT TIME 40.50 HOURS

PEAK OUTFLOW IS 26, AT T1F 4,00) HCURS

PLAK OUTFLOW IS 15. AT TIHE 47,50 HOURS

PEAK OUTFLOW IS J0, AT I hE 49.75 HUURS

PEAK OUTFLOW IS 7, AT TIME 49,75 HOURS

[EAK OUTFLOW IS 4. AT lIhE 49.50 HOURS



HYIIRIP,i]GAH RI1UIT Ifln

ROUT IIG THRU REACl " - 3

ISIA0 I C(.rP I E I l(fnt, 1 . FLi .'',r'jI ! L T.' IAIITf
3 1 0 0 0 0 1 C

O LO10 I' P1
GLOSS CLOSS AVG IRES 1SAM1E IOPT IrUF' LSIR

0,0 0,000 0.00 1 0 0 0 0

NSIPS NSTPL LAG AMSK X rSK STB'A ISPRAT
1 0 0 0.000. 0.000 0.000 0. 0

-IRMAL DEPTH CHANNEL ROUTING

SO(l) ON(2) 0(3) ELNVT WL.iAX RLNIH 'EL.10l00 .09O0 .1000 1371,0 14,10.0 11600. .01600

CROSS 5ECTION OR[1ATES--5TAiLLEVTh -ELEV--ETC
0.00 1100.00 150.00 1400.00 300.00 1380.00 670.00 1371.00 675.00 1371.0

1290.00 1380,00 1540.00 1400.00 1740.00 1120,00

,AGE 0.00 22,49 88,43 197,82 346.04 ".,0. 45 6.74,.80 851,0? i031,33 ,.
1427.61 1635,66 1869,07 2116.11 2371,06 2633,96 2904.80 3183.58 3470.30 3'

OUTFLOW 0.00 1063j.3 A,01,55 t7314.30 41172,60 8167 '..q6 I .8'I .7 2 164371.61 247 5 , ;,3
403917.59 494179,59 5B9763.65 700574,45 @21303.62 951.9.?j 1092171.08 12 422.82. 1402108.13 1, ..'A

STAGE 1371.00 137I3.5 1 1376.i6 137q.74 131.32 13,16? 13R6.47 1369.05 i391.63 J.(':

1396.79 1397,37 1401,95 1404,53 1407,11 1407.68 1412.26 1414.84 1417.42 1"

FLOW 0.00 1063.85 660,85 19314.30 44 ... 60 81672.86 120533.72 184371.69 2489%0.53 2,-16,
403917,59 494179,5? 589763.65 700574.45 B21303.? 951050.95 1092171.08 1242252.82 1402108.13 1:71 6

'lAXIMUM STAGE IS 1371.4

0XIMUM STAGE 15 1371.2

AIXIMUM STAGE IS 1371.1

'IAXIlUM STAGE IS 1371,1

IAXIMUM STAGE IS 1371,1

MiAXIiUM SfAqE IS 1371.0

MAXIMUM STAGE IS 1371.0

A, ^ifUi STACE IS 1371.0

IAXIM4UM STAGE IS 1371.0



.9A

POUrotni] TfHfRI RF.AC1 3 - 4

151 A ICOMP IECU!N ITAPE JFL 1 1IT1 iiofaip I 1,8f I IAjl11
41 1 0 0 n 1

OLOSS CLOSS AVG IRiES ISANE IOFT IFiP LSTR
010 0,000 0100 1 0 0 0 0

NSTPS NST.I. LAG x , ST0ff',P ISFRAT

1 0 0 0o000 01000 0000 0. 0

;RnhAL DEPTH CHANNEL ROUTING

QN( 1) Ott( 2 ) 13) [LNVT ELMAX N."I.H GEL
,1000 40700 .1000 1331.0 1380,0 6350. .00630

CROSS SLCTIN COORDINATE5-5 AELEVSTAYEUL'--ETC
0.00 138.00 250,09 J360,00 850.00 1310,00 1175,00 1331.00 1130,00 1331,00

1720.00 1340,00 2000.00 1360,00 2250,00 1300.00

JRAGE 0.00 49.47 190,13 44,/ 746,12 1116.5? 1'7?.42 iV184.91 24118.' 7.,
3607o35 4233.48 4897,02 5585.35 6297.32 7034,73 7195,78 8561,07 9390.60 102:

OUTFLOW 0,00 674,12 4110.07 121G9,37 2/"81]0.56 16.,16 237.29 119403054 163137.92 ..13'V(.
271093.31 335698,20 408707,38 480305,78 576941,38 671601.91 773271.21 882041,03 997873.21 1126'I

STAGE 1331lo0 13"i3. 's 1336.16 1333.74 1.t32 13 1j, ,7 136.47 1349.05 l1 I , .I I
1356.79 1359,37 1361.91 1364.53 1367,11 1369,68 1372.26 1374.84 1377,42 I!,1 .

FLOW 0.00 674.10 4170,8 12189.37 2798(00 T1934.16 82i33.29 119403.51 163137.92 'l3 .
271093.31 335628.28 408707,3 48930J.78 576941.38 671601,97 773294.71 882041.03 997873.21 1120,111.

,4AXIMUM STAGE IS 1331.6

tiAXIMUM STAGE IS 1331.4

MAXIMUM STAGF IS 1331,2

MAXIMlUM STAGE IS 13.31.2

MAXIMUM STAGE is 1331,1

1AXIMUM STAGE IS 1331,1

?f'YIlUH STAGE I 1.31,0

M AA1UM STAGE IS 1331.0

MAXIMUM STAGE I5 1331,0



!l HII fRAB~ It Rrlll I IT11.'

ROUTING THRI! PEACH 4 - 5

ISTAi IcI!ohl I FCON I M1S L JM. T .'Pl I IllT 1I I'. I till 1t
5 1 0 0 0 0 I ,' )

r,IT 11 !O 1A

OLOSS CLOSS AVG IRES ISAIIE lOP] IfNf1 LSTR
0,0 0.000 0100 1 0 0 0 0

NSTPS NST'I LAG AMSI K X TS! SIURA ISFRAT
1 0 0 0,000 0.000 0,000 0. 0

""RiAL DEPTH CHANNEL ROUTING

ON(I) 014(2) 014(3) ELN'VI ELOAX FL I H SEL
.1000 .0500 .1000 1300.0 1360,0 5750, .00510

CROSS SECTION CUORIINAITES--STA,ELEVSTA,EI.EY--ETC
0.00 1360.00 250,00 1310,00 3i5,00 1120,01) 1410,00 1300,00 1420.00 1300.00

1650,00 1320,00 1900,00 1340.00 2050,00 1360.00

:AGE 0,0 45,V0 174.86 307,17 692,;5 1061.59 1523.69 2056,03 2616,31 3 7
3810,90 4445.23 5104.23 5788.01 6497,74 7233,81 776.20 8784,92 9599.97 101411.

OUTFLOW 0,00 1062,14 631I1,56 18303,31 J-Vi712 702.7.5. 11.373. 23 100064.13 214; 1.'5 ..7.
473979.89 597540.01 733421.08 281417,00 1041495,18 1213626.35 1397715,69 1593710,14 18015'02.55 20213.. '

STAGE 1300,00 1303.16 I.1N. Q,3 130?,17 1312,6' 1315.79 1311. 75 132,1.,1 1725.26 17:.
1331,59 1334,74 1337.09 141,05 1344.21 1347.37 1350.53 1353,66 1356,84 1.,O"

FLOW 0,00 1062,14 6341.56 18303,81 3'797,12 70247,59 113733.23 180064,13 264S61.55 '36277."

473777.87 597540,01 733421,00 981417,08 1041495.18 1,13626.35 137/715.69 1593710,14 1601582.55 02 ..4.

4XI1NUM STAGE 19 1300,4

.A'XIMUM SIAGE IS 1300.3

'AXIlUl STAGE IS 1300,2

,4XIMUM STAGE IS 1300.1

'XIMUM STAGE IS 1300,1

IAXIltUI STAVO IS 1300.0

IAXIMUM STAGE IS 1300.0

:..,iUMi STAGE IS 1300.0

!AXIMUIM STAGE IS 1300.0

-- ,--. -.-.. ..



StI-AREA F110rJFr ['0Il 'IA1 ITPiI

INFLOW H [f' ItRAPH -- L C TLI !,PE!! 101Wi L['PRLA

ISrAt. ICOl ' I[ECIU I E ! . J1: I W:h" ;l I lt;'d I AU11)~~~~6 0 0 n 0 ,

HYDROORAPII rA'TA
IIYDOG IUHG TAFEA SNAP TRSDA TRSPC 1AA TIO ISNOW TSAI![ LOCAL

1 1 9.36 0,00 14.53 0,00 0.000 0 0 0

i ", PFrCIP DArA

S"Ir E HIS5 R 6 R12 R24 F%4 0 R71 T
0.00 21.30 111.00 123,00 133400 142,00 0.00 0.00* ;ISPC COMPUTED BY THE PROGRAM IS .813

LOSS PiAFA
LROPT STRKR DLINR RTIOL ERAiU STRk3 RTIOK SIRIL CNSIL ALSiX RTIMP

" 0 0,00 0.00 Io00 0,00 0.00 1o o 1.00 .05 0.00 0.00

UITII HYFROtRAPII DATA
I F= 3,19 CP- .45 NTA= 0

RECESSION DATA
SIRTO= -1,50 [RCSN7 -.05 RIIOR' 2.00

UIT HY[ROGRAPHIO0 END-OF-PERIOD ODItIATESy LA13- 3.19 HOURS, CP= -45 VOL= .99
17, 64, 133, 214, 306, '105, 510, 611. 699, 771,

8?,, 863, 87R, 860, 822, 782. 744. 708. 674, 641,
610. 581, 553. 5126, 501. 4 ;6 453, 431, 410, 291,
372, 3511. 337, 320. 305, 270, 216. 250, 23.
226. 216. 20O, 195, 1I6. 177. 168. 160, 152, 145,
138, 131, 125. 119, 113. 108, 102, 98. 93, Kg.
04. 80, 76, 72, 6?, 66, 6., 59. 57, '14.
51, 49. 46, 44, 42. 40. 3., 3, 34, 33,
31. 30. 29. 27. 26. 24, 23 22, 21, 20.
19, 10, 17, 16. 16, 15, 14. 13. 13. 12.

0 EIi OF-PERIOD FLI1I
MOIDA HRIIN PERIOD RAIN EXCS LOSS COr.P 0 H0ODA HR.11i1 PERIOD RAIN EXCS LOSS COMP '

UM . .20 2.39 ,62800.
( 624)( 564,)( 61,)(15027.22)

COINll.IE H 'ROARAPHS

COMiIINE HYDIOGRAPHS AT LITTLE KEEN POND

ISfA ICHIIF IECOI HAPE JPLT JPRT INAIIE ITAGE IAUTO
7 2 0 0 0 0 1 0 0



* RESERVOIR RkOING -HIFRU LJTILE t i[EfI Pfr,

ISTAqf 10i.il '  1(N!IU lAr E .JC T J1 1 I 11(til J 91 A(E IAU1
13 1 0 0 (1 0 1 0 0

lLOSS CLOSS AVO IRES ISAME lOPI IFhF LSTR

0.0 0,000 0.00 1 0 0 0 0

NSIPS NSH'1l. LAG AHShh x T'ak STURA ISPRAT
1 0 0 0.000 0000 0.000 92, -1

STAGE 1291,00 1291.50 1292.00 1292,50 1293,00 1294.00 129, 50 1296,70 1297,50 1279,50

1300,00 1302.00

FLOW 0,00 25.00 72,00 131.00 202.00 372.00 633.00 976.00 1366.00 2119,0

3903,00 7240,00

SURFACE AREA= 0, 20, 180. 509,

CAPACITY= 0. 9 2. 867. 7472.

ELEVATION= 1277, 1291, 1300, 1320,

CREL SFUID CDOW EXFW ELEVL COOL CAREA EXFL
1291.0 0.0 0.0 0,0 040 0.0 0.0 0.0

PAI DlAIA

TOPEL COO EXPB DAMWID
1296,7 0.0 0.0 0.

CAK OUTFLOW 15 12044. AT TItrE 44,50 HOURS

LAK OUTFLOW IS 9114, AT TIMIE 44,50 HOURS

PEAK OUTFLOW IS 6069. AT ?IhiE 44.50 HOURS

":,AK OUTFLOW IS 4791t AT TIIIE 44.50 HOURS

'EAK OUTFLOW IS 3473, AT TIME 44.75 HOURS

:EAK OUTFLOW IS 2149, AT TIME 45.25 HOURS

EAN OUTFLOW IS 1539. AT TIME 45,50 HOURS

JUTFLOW 1 933, AT TIME 46,00 HOURS

ilAK OUTFLOW IS 494. AT lIME 45,50 HOURS

....................... . . ... . . ..... : ..... ......... .:,



IIYDROGRAPII ROUTING

ROUTING THRU REACH 8 - 7

ISIA0 IC 001 IECON I WE JPI I JIRI I 1TF IT lT A F
9 1 0 0 0 1 0 0

ROUTING DATA

gLOSS CLOSS AVG IRES ISAIME IOPT IPFiP LSTR

0,0 0,000 0100 1 0 0 0 0

HSTPS NSIDL LAG AAISKK X TSK STORA ISPRAT
1 0 0 0.000 0.000 0.000 0, 0

'JURHAL DEPTH CHANNEL ROUTING

ON(l) ON(2) 0f1(39 ELNVT ELIAX RNINH SEL
.1000 ,0800 .1000 1280,0 1340.0 550, .00730

CROSS SECTION COODItIIES--STAvLEVSIAELEV--EIC

0,00 1340,00 250,00 1320,00 410.00 l1nO.00 700.00 1200.00 710.00 1280.00

900.00 1300,00 1000.00 1320.00 1120.00 1340.00

STORAGE 0.00 1,41 6,4 1J.29 25,/7 3?,77 56.79 76,52 97,? 12'

145,77 172.13 200.12 2277'77 261.64 295.81 332,32 371,15 412,32 .51,

OUTFLOW 0,00 350,50 1927.33 5393,39 11305. 72 2013.50 3,'42'j.13 51086,56 75126.kIS 103 , 3C

135715.57 172370.47 213353.50 258532.48 307981.26 362353.92 421G15.63 486535,39 556632,04 6.912,

STAGE 1280.00 1283.16 1286,32 1289,47 1292,63 1275,79 12, 8.5 1302.11 13(:5.s6 I 9.

1311,58 1314,74 1317,89 1321,05 1,324,21 1327,37 1330,53 1333.68 1336.84 pp, f,

FLON 0,00 350.50 1727,33 5393,39 11305.92 2016 3,90 32425,13 51086.56 751264. -680 e

135715.57 172370.47 213353.50 25532.48 307981.26 36233,72 421815.63 486535,39 556662.04 6321.,'

'1AXIMUM STAGE IS 1292,9

MAXIMUM STAGE IS 1291.5

4AXIMUM STAGE IS 1289.8

MAXIMUM STAGE IS 128,9

M4XIMUM STAGE IS 1287,7

11AXIMUN STAGE is 1286.5

S JR STAGE IS 1285,5

IAXIMUN STAGE IS 1284,3

4AXIMLIN STAGE IS 1283.4



-I

141.04tHY -(EAPH ll IIIPFF SflUBAPEM W

1NO I E1;ur u~{

10 0 0 0 0 0 1 0 0

S ' HYDROFRAPH DATA
IHYpG IUNG TARIA GA~P TRSVA - I.C o IR)C R I OW ISAUIE LOCAL

1 1 3.37 0.00 14.53 0,00 0,000 0 0 0

PRFCIP DATA

. SFFE 1'MS F:6 R12 R 24 R4f R72 491

0.00 21.30 111.00 123.00 133.00 142,00 0,00 0.00
iRSPC COHPUTED BY THE PROGRAi IS .813

LOSS PAIA
LROPT STRNR ILTkR RTIOL ERAIN SIRKS RTI I SIRTL CNSTL ALSIiX RTIhP

0 0,00 0,00 1,00 0.00 0.00 1.00 1.00 .05 ,00 0.00

UNI T HYDR,(OI'RAF'H IIATA
TF'= 2,2) CP= .45 NIA= 0

RECESSIOU DATA

SIRfO= -1.50 ORCSN= ,05 RIIOR= 2.00

UNIT HYDROGRAPII 81 END-OF-FERIOD ORDNAIES, LAG-- 2.30 f10URS, CP= .45 VOL: 1,00
14, 52, 1... 17O, 210. 310. 369. 410. 436, .31p

416. 388, 361, 337. 3i0. 273. 273, 2i.'J 233. 221
207. 193. 180, 161. 156. 146, 136, 127. 110. 110.
103, 96. 8?, 83. 78, 72. 67. 63, 59 55J

5. 43, 44. 41. 31, 36. 34. 3i. 29.
"5, 24. -2 21. 1'; . 17. 16. 14. 14.

13. 12, 11, 10. 10, 9, s, 8, 7, 7.
t. 6. 5, 5, 5, 4, 4, 4, 4, 3,
3.

0 END-(IF-I'ERIOD FLOW

HODA HR.MN PERIOD RAIN EXCS LOSS COuF 0 iODA fiR4lI PERIOD RAIN EXCS LOSS COMP O

SUM "Win 22.20 2.39 1H2100.

624.)( ,64.)( 61,)( 5439.89)

HYDROGRAFP ROUTING

RESERVOIR ROUTING - TIIRU LAKE LADORE

ISTAO ICOiP IECOll IIAE iPLT JCR1 INAME ISTAGE IAUTO
11 1 0 0 0 0 1 0 0

ROUTIllf DATA
OL05 dOSS 0 AVC IRES ISAVEo lOT I Pi" LSTR

CIA A..00 0 I 0 0 0



FfYfIfa OPr { ROUTI INS

RESERVOIR RUIJTIN6 - THRU LAIE L1I]0%E

ISIAO I Corl' IECOl I [TIE Ift T JI Pl 114AIL H;I ('J. I'AU TL[1 1 0 e 0 0 (1 ) (,
b:UJI 1i( rr

GLOSS CLOSS AVG IRES IStdIE IOPT IPIt- LSTR
0.0 0,000 0.00 1 0 0 0 0

NSTPS NST[IL LAG AMSKK X TSK STUIRA ISFRAT
1 0 0 0.000 0,000 0.000 1605. -1

STAGE 1367.00 1367,40 1367.70 1368.00 1369,00 1370.00 1371,00 1371.50 1372.00 1"2,

FLOW 0.00 36.00 81.00 155.00 491.00 1002.00 1624.00 2291.00 3311.00 48,

SURFACE AREA= 0. 261. 3?0,

CAPACITY= 0. 1601, 5804,

ELEVATION= 1349, 1367. 1380,

CREL SFWID COOW EXFW E1EVL COOL CAREA EXPL
1367,0 0.0 0.0 0,0 0.0 0.0 0,0 0,0

TUPEL COED EXI 'AID
1371.0 0.0 0,0 0.

F.AK OUTFLOW IS 4477. AT TIlE 44.25 HOURS

-EAK OUTFLOW IS 2836. AT TIME 44.75 HOURS

LEAK OUTFLOW IS 1471, AT TIME 45.75 HOURS

EAK OUTFLOW IS 1085, At TIME 46.25 HIOURS

:IAK OUTFLOW IS 743. AT TIIiE 46,50 IIOIJkS

* I EAK OUTFLOW IS 424, AT TIME 47.25 IOUIS

(EAK OUTFLOW IS 295, AT TIME 47,50 HOURS

FEAK OUTFLOW IS 161, AT TIME 49,25 )IOURS

PEAK OUTFLOW IS 59, AT TIME 49,50 HOURS



ROU IIN'G THRU REACH 11 - 12

ISI0AQ ICoMF IECfO !TAI E JFLT J, I'll ln!1 i S l1h UlJI,
12 1 0 0 .71

RoUlINGi VIA
LOSS [LOSS AVG IRES ISAME IOPT IF'iF' L3TR

0.0 0.000 0.00 1 0 0 0 0

NSTPS NST[,L LAU AMS1K X ISK STOFRA IrI'RAT
1 0 0 0.oo 0000 0000 0. 0

'ORMAL DEPTH CHANNEL ROUTING

ON() 0N(2) N() EI.IIVT ELMiX rxLIIIl SEL
41000 .0800 1000 1280,0 1310,0 1050. .06000

CROSS SECTION COUl iI!4IES--0ThELE'II.E--ETC

0.00 1340,00 100.00 1320.00 270-00 1320,00 300.00 1300,00 350.00 1B0.00
470,00 1300.00 520,00 1320,00 650.00 1340,00

S.jRAGE 0.00 1.02 4.09 7.1? 16,35 ,1 j I, 3 .78 49,77 63,5
93,27 109.22 125,89 149,21 182,18 219,52 259.32 301,89 347.22 V".

OUTFLOW 0,00 256.67 1629,74 4905,01 10345.17 1i62,52 5. 2 430Q,5,'  : " 56 1
124833.77 157010,11 192376,89 23122,10 283333,70 344183.51 414240.05 493440.55 581856.98 7Y'.

STAGE 1260.00 1283,16 126,31. 1207.47 12 2,63 12 .5. ? tl 195 1302.11 1.3'Jl, .91 s 13,
1311,58 1314,74 1317,89 1321105 1324,21 1327,37 1330,53 1333.68 1336,84 j3i4(.

FLOW 0.00 256,67 1629.74 4905,01 1038 1, 19 1,6', 52 3050?,92 48090,59 70296.00 9'70.1,
124833,77 157010,11 192396,89 231228,10 263333,70 344198.51 414248,05 493440455 581B56.98 67966,

XItUII STAGE IS • 12891

1XIHUH STAGE IS 1287.5

, )AXIMUM STAGE IS 128610

1 iXIMUM STAGE IS 1285.1

'XIMU STAGE IS 1204,3

,AXIMUfl STAGE IS 1213.5

' ""IN STAGE IS 1283,2

1AXIMUH STAGE IS 120210

iAXINUN STAGE IS 120,7



IIJFLIU IfriFOPGPMl 11 ',[Ftj rr~yp rogl1~IVIRLI

1sfAu Icamp 1LC0fi I .( L Jf R I T!1ffW f7Ti' IAUTO
13 0 0 0 0 0 1 0 0

HYDfROGRAPH FCA
IIIYDG JUHG TAREA SNA~P TR'3Di' TRSPC W16O IS1(u~ 3r LOCA1L

1 1 .91 0.00 14.53 0.00 0,000 0 0 0

SP£FE plis p, R12 F 24 R4 J R72 RT6

0.0 2.0111.00 123,00 133,00 142,00 0.00 0,00
PSPC COMPUTED BY THE PR;OGRAMI IS .813

IROPN SIR DLII.R R1101- ERiUIN STRNS RTIUI, STRIL CNSIL ALSMX RTIMP
0 0.00 0.00 1.00 0.00 0,00 1.00 1,00 .05 0.00 0.00

4TP= .70 CP .45 N10, 0

RFICESMU tol WA
STRIO= -1,30 ORCSH: -.05 RTIOiz 2.00

UNIT Wr1'rOGRAPH 34 END-OF-PFEWiU JIIllfES., LAG- .'?I1;0116F CP= ,Ij VOL 1.00
37. 135. 2140. 282, Ile. 21010 184, 155 1,31, 1ii),
93. 77, 66. 56 7, 40, 34, 91 220

3. 3. 2, 24

0 ElliF-OF-PERIUD FLOW

flO.DA HR.1IN PERIOD RAIN EXCS LOSS COWIF 0 110,10 IlRl PERIOD RAIN EXCS LOSS COWP 0

S3UM11-2455 221,20 2.,39 K'31,5,
I624.)( 564.)( 610( 14Y9455)

CUIPIIE fIY[ROGRAF'HS

C011BI1IE HYPROGRAF115 AT KEENJ FOND

ISJAO ICOhP [ECriN IT APE JP~l, J RT I ME I T i'{E IAUTO
14 3 0 0 0 0 1 0 0

HYPRfORAPH ROWTINHG



11 ~~ ~ ~ ~ ~ I-1 I; ,Ct I, %(¢¢ tici ,,

RESERVOIR ROUTING - TPR! IEEIJ FOND

ISTiAQ ICOiP IECfIN I T0 E ..rI.i .l I I 1 ,( 11 fhII
15 I ) 0 0 0

OLOSS CLOSS AVG IRES ISAIIE IOPT IF41P LSTR
0.0 0,000 0,00 1 0 0 0 0

NSTPS HSTDL LAG AMiSK X ISK SlOqR(A ISFRAT
1 0 0 0.000 0,000 0.000 887, -1

STAGE 1272.00 1272-50 1273,00 1273,50 1274.00 1275.00 1276,00 1277.50 1276.00 128,,
1278.70 1279.30 1281,50 1204.00

2FLOW 0,00 27,00 7,00 O1.00 252,00 405.00 762.00 1252.00 144?.00 1Sl,
1842,00 2325.00 5190,00 98o50,00

SURFACE AREA= 0. 92, 123, 197,

CAPACITY= O, 887, 1744, 4915.

ELEVATION= 1243, 1272. 120. 1300,

CKLL SFWIP COQ,'W EXI'Y ELEYL COOL CAPEA EXF'L
1272.0 0,0 0.0 0,0 0,0 0.0 0,0 0.0

TOPEL CODl[ EXPD DAh'I D
1277.5 0,0 0,0 0.

FEAK OUTFLOW IS 16352, AT TIME 45.25 HOURS

PEAK OUTFLOW IS 11828, AT 1I4E 45.25 HOURS

PEAK OUTFLOW IS 7400, AT TIME 45.50 HOURS

rEAK OUTFLOW IS 5642. AT TIME 45,75 HOURS

FEAK OUTFLOW IS 3950, AT TIME 46.25 IIOURS

FEAK OUTFLOW IS 2204, AT TlIE 48.00 HOURS

FEAK OUTFLOW IS 1439, AT TIME 49.25 HOURS

OUTFLOW Is 886, AT TiME 50.50 POURS

PEAK OUTFLOW IS 399, AT TIME 50,75 HOURS



PEAK FLOW AND STORAGE (END OF PERIOD) SUMMARY FOR MULTIPLE PLAH-RATIO ECONOIMIC COMPUTATIOINS

FLOWS IN CUBIC FEET PER SECOIND (CUBIC VEERS PER SECOND)

AREA IN SOUARE MILES (SIUARE KILOMETERS)

RATIOS APPLIED TO FLOWS
OPERATION STATION AREA PLAN RATIO I RATIO 2 RATIO 3 RATIO 4 RAIIO 5 RATIO 6 RATIO 7 RATIO B RATIO

1.00 .75 .50 '40 .30 .20 .15 .10 0

HIYDROGRAPH AT 1 .89 1 2531, 1898. 1266, 1012, 759. 506, 38n. 253, 1?7
1 2,31) ( 71-69)( 53,76)( 35,84)( 28,67)( 21,50)( 14.34)( 10,75)( 7.17( .'.7

ROUTED TO 2 .89 1 149, 98, 54. 39. 26, 15, 10, 7. 
2,31) 1 4,23)( 2.77)( 1,53( 1,11)( .75)( .42)( .30)( ,20( ,11

ROUTED TO 3 .89 I 149. 98, 54, 39, 26, 15. 10, 7,
2,31) 4123)( 2,77)( 1,53)( 1.11)( .75)( ,42)( .30)( .20)H .11

ROUTED TO 4 .89 1 149, 97, 54. 39, 26, 15. 10. 7. .
I 2.31) 1 4,21)( 2,76)( 1,52( I'll)( .75)( .42)( .30)( .20)1 .11

ROUTED TO 5 .0? 1 149, 97, 54. 39, 26, 15. 10, 7.
1.2.31) 4.21)( 2,76)( 1,52() 1,11H( .75)( .42)( .30H1 .20)( .1

HYDROGRAPH AT 6 9.36 1 13766, 10325. 6863, 5507. 1130. 2753. 2065, 1377. 1
24,24) ( 387.82)( 292,37)( 194,91)( 155,93)( 116.95)( 77.96)( 58.47)( 38,98)( 19-.l

2 COMBINED 7 10,25 1 13841, 10373, 6911. 5527, 4144, 2762. 2071, 1381, 6K
1 26,55) ( 391,94)( 293,74)( 195.60)( 156-50)( 117,33)( 78.20)( 58.66)( 39,11)( 10,

ROUTED TO 8 10,25 1 12044. 9i14. 6069. 4791. 3473, 2149, 1539, 933. *,'

( 26.55) ( 341,06)1 258,08)( 171,86)( 135.67)( 98,33)( 60,85)( 43,59)( 26.43)( 14,t

RJUTED TO 9 10.25 1 12044, 9115, 6070. 4791. 3473. 2150, 1540 933. i

( 26,55) ( 341.06)( 258,12H1 171,88)( 135,67)( 98,34)( 60,87)( 43.60)( 26.43)( 14,; .11
HYDROGRAPH AT 10 3.37 1 6128, 4596, 3064, 2451, 1839. 1226, 919. 613, Z1'

1 8,73) ( 173,54)( 130,15)H 06,77)( 69.41)( 52.06)( 34.71)( 26.03)( 17,35)( Fd

ROUTED TO it 3.37 1 4477, 2836, 1471, 1085, 743, 424. 295. 161,

1 8.73) ( 126,77)( 80,30)( 41,66H1 30.71)( 21,03)( 11,99)( 8.34)( 4,56)( I.v

ROUTED TO 12 3.37 1 447?, 2837, 1471, 1085. 743, 424, 295, 161, b-
( 8,73) ( 126.82)( 80,34)1 41.65)( 30.72)( 21,03)1 11,99)( 0.34)( 4.56)( 1.*

HYDROGRAPH AT 13 .91 1 2695, 2021, 1348, 1070. 809. 539, 404, 270, 1

1 2.36) ( 76-32)( 57.24)1( 311,16)( 30,53)( 22,90)( 15,26)( 11.45)( 7.63)( 3.

3 COMBINED 14 14.53 1 I/056, 122 ?,1 7900. 74. 4283, 2612, 1658, 1104, r.

1 37,63) I 482,9.?)( 347,94)( 218.C0)( 169,16)1 12127)( 73.96)( 52,60)( 31,27)( 15.,i

ED TO 15 14.53 1 16352, 11iQ8, 7400, 5642,. 39750, 2204, 1439, 886. ill

37,63) 1 463.05)( 334.94V 209,55)( t',..& I1J1,)( 62,41)1 40,75)( 25.10)( 11.3

SU113ARY OF DAh SAFEYJ' AIhL)S1j



PLAN I ,,,o,,.o,°,, . ItlTIlL '1LIJE sr 11WAY LTfL ATf D411 fl
LLEVAI ION 1419.01 111 ?. I 1 4.
SIPfAE 2 Y2, 290, 4061,
OUTFLOW 0. 3, $7 ,

RA11O MAXIMUM MAXIMUM I MAXIMUM MAXIUIi iURATION Tlie OF I 11E flY
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER lOP MAX OUTFLOW FAILGURE

PMF W,S.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

1400 1423,96 0.00 3869. 119. 0,00 47,25 0100

75 1422.82 0.00 3637, 9, 0.00 47,50 0.00
.50 1421-63 oleo 3406. 54, oleo 4B,25 O, 010
i10 1421,14 0.00 3311, 39, 0.00 48,50 0.0

130 1420.64 0.00 3215, 26. 0.00 49,00 0.0

.20 1420.14 o.0 3119, 15. 0.00 49,50 0.00

.15 1419,87 0,00 3069, 10, 0.00 49.75 0,00

.10 1419,60 0.00 3020. 7. 0,00 49,75 0,00

.05 1419431 0,00 2M70, 4. ol0. 49.50 0.00

PLAN I STATION 3

MAXIIUM 11AXIMUM TIME
RATIO FLOWCFS STABErFT HOURS

1.00 14?, 1371.4 47.50
m75 96. 1371.2 47.75
,50 51, 1371.1 48.50
.40 39, 1371,1 49.75
,30 26. 1371,1 49,25

.20 15. 1311,0 49.75
.15 10. 1371,0 50.00

.10 7. 1371.0 50,00
,05 4. 1371,0 49.75

PLAN I STATION 4

MAXIMUM MAXIIIUM TlhE
RATIO FLOWCFS STAGEFT HOURS

1,0 11?, 1331,6 48.75
.75 91, (331.4 49,00

.50 54, 1331.2 49,75
,40 37. 1331,2 50.00

.30 26. 1331,1 50,25
,20 !'.1i . I 50.7, 5

,15 10. 1331,0 51.00
110 7. 1331,0 51.00

05 4# 1331.0 51,00

PLAN I STATION 5

MAX1MUM MAXIhUh TIME

RATIO FLOWCFS STAFiFT HOURS

Lj



7 1 51..

K,0 113 1;,11.50

h.1': N~ *A 1">. I Y"AN .5OPLAN ...... IN T A ;,1LU S I 1 ,), I.E TOP Or rtt

E_ 30 LI, T I3ON1 5100
,O0 15, 130E 51,50

OUTF ,15 10, 1,0 91.7 .
RA 10 7, i 3i" ,Ok 51.50

,() 4, 41.'1
5LUiiIR' OF 00li StF[IY 3 L COSIS

• .LlrTLF K 'F, P G".':!

;'PLtN 1 I * .... ......1 liIhi[ VOILUE SFIL~IO( .lIEST T'OF OF ['11

iQ J. I ,J 1 211"'

1E ,TI 1290,?' 12?.1. 3.1 Y 127,70

SOUTFLO. 0 , 976,

R~~~~~~~1PA I0 STA Iwi TS~ (IN 9j~j, ~ A~5 ~ E T

OF FPESERYtOIi- iIIll SflsV&E[ [OUiK ,]4, 0',. TOP ,"lAX 1i!JiFLC FAJ',f

RP ATEI.V D EJ u1 10 -F Y F FF I H ,S I-; I"-

1.00 130,8 N ;L, 1 1 '. .

117115. 1.4 5'Q 44 51)

,.O 0 1301.30 '1,60 1ill, P'.,I 17,75 .10,5, '.•
,4, !, ,53 3.03 9 , ,1 1, 16,C' .IyC O, )

,2 1297.,71 1.,1 52"., 2 . , .,,7 , , . .. .

.10 12' 3 0,00 3 4, 1 , 0 . ;1 .7

.'5 1 4,5./7 0,001 44, 0 .,0, Ao 0j 5

PLA I ST.. . . .,

I0X ,,LM Ili. l f TI MiP
F TIO) F.O'I,FFS .O.W1 F+G H !Ou£S

,EAI1ON14, 127., 44,50
1 60 , It 44,.50

OUTFLOW0 . ., 40 , 6
,30 3,1i, 12]1,.2 ;4,75

, 15 151'). I27.5 15 , +.5 )
,10 '7x:, 1. . 46,(0
,02 494, ILUJ,1 ,15,75

1 f_,~i.Ji/iMOF' 0r DlIl SAFETY sVIALYSIS

PLAN I .*. ,., IlIIOI¢L 'Y,.!E SFt-'Il.l, I . T TO t 1
ELEVAI ION 136 7,01 1367, 30 1371,.0

-,S tOFi'O[ 1604, 140 ., 2710.
OUTFLOW 1, 0. 1694.



RATIO MAXIKIM 0itlXI1F1P 0 '1IM01 l; Wi.111 I,1 AT(j IuO I l i (if
OF RESERVOIR DIEF 1q S I RAbf ' OilU I 00 1". TOP WI, 1, H:I[Ujj 1 l );',1

PIF WS.ELEV OVER i'l Ar. [ S All. f IIUI

1,00 3 I'l, 46 1,,16 31 2 ,J; , , t~,' ,
7975 1371 77,.1 , 6 75 .775 ,7

01"0 462 7 "i;3. 6 01 1. 7150 1170.69I 0100 1.. ," ) 1 ,171 , ," "o 1' , , .", .,

.40 1370.12 0,0) 2, ,' , ', , ,
430 136,47 0.00 3 /,. 0.00 46, ,,
.20 1368o80 0,00 2085. 424. 0,00 47.25 0100
:15 1368,42 0,00 1979. 295. 0,00 47.50 0.00
*0 1368.02 0.00 1871, 161, 0.00 48.25 0.00
,05 1367.55 0100 1747, 59, 0.00 49,50 0.00'

PLAN 1 STATION 12

MAXIMUM MAXilmM TIME
RATIO FLOWCFS STAGE,FT HOURS

1,00 4479, 1289.1 44.25
.75 2837. 1287.5 45.00
,50 1471, 1286,0 46,00
.40 1005. 1915.1 46,25
.30 743, 1284.3 46.50
.20 424, 1283,5 47.25
.15 295. 122 3,2 47,50
110 161. 1282.0 48.25
.05 57 . 1280,7 49.50
SUMMARY OF DAM SAFETY ANALYSIS

K< F F-N P ON /D

~dI~ PLAN I ............ INITIAL VALUE SPILLWAY CREST TOP OF DAiM
ELEVATION 1271,99 1272.00 1277.50
SIORAGE 886, 887, 144Y.
OUTFLOW 01 0, 1252.

RATIO MAXIhUM M('XIMIJM MAXIMUM MAXIMUM DURATION TIME OF TIME[ OF
OF RESERVOIR [IEPH SIORAGE OUTFLOW OVER TOP MAX OUTFLOW FbII.IOTd

PMF W.S.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

1.00 1287.49 9.99 2759, 163J2. 26.75 45 ,2 0102
.75 1285.06 7.56 2407, 11820. 24.50 45.25 010
.50 1282.69 5,19 2086, 7400. 21.25 4J.., 0,0
.40 1281,74 4,24 1963. 5642, 19125 45.75 0,00
,30 1280.55 3.05 111, 3750, 16.25 46.25 0.00
.20 1279,15 1.65 1640, 2204. 11,75 40,00 1)00
,15 1277,97 .47 1503. 1139. 6,50 49.75 1,0
.10 1276,30 0.00 1325,. LP6, 0,00 50.50 0400
.05 1274,63 0.00 1142. 399, 0.00 50.75 0,00''a mlem iel9~ I I~ * * A !$ ! *4*4*4t~h

I ,:", F'ACNAGE (tEC-I)
" JULY 1978

....," ;, 2 FER 7?

66.

. . ... . , l U I I IIl I



F[AK FLOW AND SIOr"w ( r I ni, ff;iI s:lf.i rf 'l f* 1 l r ,', ; '
Fi)lU~tl l flRI( FELT I-I !4 h'1. (M %l t1 L , 0 1 1 LP)

61<IEE? Ill St9'I.: hills ( :or ,)c, II np,;ll'::

OPERATION STAIIOh 6-f't F LAN I I

HYDROGRAPH AT I ,09 1 ?8/,
2,31) ( 27.95)(

ROUTED TO 2 ,Rs y 3.

2,31) 1 .071(

ROUTED TO 3 .87 1 39,
2,31) ( lO7)

ROUTED To 4 .8? 1 3,
( 2,31) ( 1,07)(

ROUTED TO 5 ,6 1 38,
( 2,31) 1,O7)(

HYDROGRAPH Ar 6 2.36 1 S36,

24, 4) 152,03)(

*2 COiiPINED t7 "15 1 R p0
( 26.5i) I I2 Ie)"

ROUTED To 8 10,25 1 4'35.
( 26.5'.) ( 131.72)(

ROUTED TO 9 1,.05 1 .
26,55) ( 131.92)(

HYDROGRAPH AT 10 3,37 1 2330,
91!3) 6,7.0) (

ROUTED TO 11 3,31 1 V.1.1
t 8973)291

ROtTED TO 12 .3,37 1 1 41.
8,73)

HI'I'R2].AFMI AT 13 Y91 I I'II
1 .36,) ( 2fl,)(

3 foI'OINED 14 14),53 1 j J,
3763) ( 164,.()

R)UTEii TO 15 14. 53 1 5,111,
37.63) 151,.31(

ROUTED TO 16 14.3 1 5448.
37.61) 1 151.28)(

. . . . . .. . .



• ,S"I0AARY 01 P(01 "(4 l AI (1*1 1Sjji
i ~/ ' ,

PLAN 1 ,, . ..... .... LK 5, hL!44Y L';E I TOP' 7 I
1. fi1 1fON 1119.0I 141 ?, )

OUTFLOW 0. 0. 198,
0

RATIO h'IWIiUtl KlAXIMIM hAXIMUII AI Iih I iURATION TlIE OF Tihe U!
OF RESERVOIR D'EFIH STORAUE OUTFLOW OVER TOP MAX OUTFLOW FAILIE
F'MF WS,ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

,39 1421.09 0,00 3301, 38, 0,00 48.75 0.00

PLAN I STATION 3

iAXIIJM MAXIMUM TIME
RATIO FLOWCFS STAGEFT HOURS

,39 30, 1371,1 49.00

PLAN I STATION 4

MAXBIUM IIAXIIIUm TIME
RATIO FLO!4,CFS STAGEiFT HOURS

.39 38, 1331,1 50.00

o PLANl I STATION 5

MAXIMUM MAuXIid TIME
RATIO FLOUCFS STAGEFT HOURS

.39 38, 130011 50.50
SUMARY OF DAM SAFETY ARALYSIS

1 02 1 tI ki 4

PLAN 1 .I........ INITIAL. VALUE SPILLWAY CREST TOP OF DAM
ELEVATION 1290,93 1291.00 1296,70
5 {rRA(iE 92, 92, 409,
OUIFLOW 0. 0, 976,

RATIO iA1IIIMUM MAXIMUM MAXlI hUM MAXillUll DURATION TIME OF TI(,L Il
OF RESERVOIR TEE"TH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAIl :

PMF W,SELEV OVER [DAM AC-Fl cI S HOURS !U!?F:5s

.39 1300.45 3.75 9,). 465Y, 15,50 44,50 0.00

PLAN 1 STATION 9

: 0 M IIA ~I'"i T A' IN'l 'N TIME



PLAN 1 INITIAL VALUE SPILLi!fY LRES1 TOP Or DAM
ELEVATION 1361,01 1367.00 1371.000STORAGE 1604, 1601. 2713,
OUIFLOW 1. 01 1694.

RATI1 MAYIMUM MAXIMUM - hAxIh1lM h10IiM DURATION TIME OF ThIM [,
Or RESERV'Oik D'EPTH SruRoGE OUTFLOW OVER TOP MAX OUTFLOW FAILUNIC

FIF V.S.ELEV OVER DAM AC-Fr CFS HURS HOURS HO,. ,h;S

.37 137006 0.00 2442,1. 1044. 0.00 46.25 0100

I.AN I STATION 12)

MAIXIMUM MAXIMUMl TIME
oRATIO FLOWYCFS STAGEYFT HOURS

.39 1044. 1285,0o 46,25
1SUMMARY OF DA!M SAFETY ANALYSIS

K.AN I ,,,,,,,, ... , INITIAL VALUE SPILL'.IAY CREST TOP OF [Yih
ELEVATION 1271,09 12I7l(0 1277,50
s8R8E 16, 887 , 144,
OUTFLOW 0. 04 1212,

RATIO MAXIMUM MAXIMUM -lAXINUM MAXI MUM DURATION TIME OF TlhIl! 01[
OF RESERVOIR PEIH SIORAGE OUIFLOW OVER TOP flAX OUTFLOW FAI.URE

PlF WS.ELLV OVER VAMi AC-FT CFS HOURS HOURS HOUR S

.3? 1 ,81.64 4.14 1950, 5449, 19,00 45,75 0.00

PLAN I STATION 16

IAXI;liUM MAXIliUil TIiME

RAIJO FLONCFS STAGEFT HOURS

Q .39 5448. 1244.0 46.00

FLOOD HYI'ROI3RAFl PACE.ADE (fIE-1)
DAM SAFETY VERSION JULY 19

LAST MODIFICATION 26 FEB 79

EOI ENCOUNTERED,
N>

ODE,,

7 7 7:-- 7IFOO,15



I Al KEEN FOID PAM 44 011 AllxN ICREEK
2 A2 CANAAN rWF,, WINE couulY, PA.
3 A3 NDI I PA-00092 FA DER t 6-13
4 B 300 0 15 0 0 0 0 0 -4
5 BI 5
6 J 3 1 I
7 Jl .39

9 Ki INFLOW HYDROGRAPH - ELK LAKE SUBAREA
10 N I 1 ,89 14,53
11 P 21.3 111 123 133 142
12 T 1 .0513 W 1 .45
14 X -1,5 -,05 2

15 K 1 2
16 hI RESERVOIR ROUTING - THRU ELK LAKE
17 Y 1 1
18 YI 1 2922 -1
19 Y4 1419 1420 1420.5 1421 1422 1423 1424 1424.9 1425.5 1426
20 Y5 0 12 23 35 65 105 151 198 482 884
21 IA 0 157 108,7 266,8
22 $E1363,2 1419 1420 1440
23 $$ 1419
24 $D1424.9
25 K 1 3 1
26 KI ROUTING THRU REACH 2 - 3

_ 27 Y I I
28 YI I
29 Y6 .1 l08 91 1371 1420 2600 ,016
30 Y7 0 1400 150 1400 300 1380 670 1371 675 1371
31 Y7 1290 1380 1540 1400 1940 1420
32 K 1 4
33 KI ROUTING THRU REACH 3 - 4
34 Y 1 1
35 YI I
36 Y6 ,1 .07 ,1 1331 1380 6350 .0063
37 Y7 0 1380 250 1360 850 1340 1175 1331 1180 1331
38 Y7 1720 1340 2000 1360 2250 1380
3? K 1 5 1
40 KI ROUTING THRU REACH 4 - 5
41 Y 1 1
42 YI 1
43 Y6 ,1 .05 ,1 1300 1360 5750 .0054
44 Y7 0 1360 250 1340 375 1320 1410 1300 1420 1300
45 Y7 1650 1320 1900 1340 20)0 1360
46 K 6 1
47 KI INFLOW IYDROGRAPH - LITTLE KEEN FOND SUBAREA
48 M 1 1 9.36 14,53 1
49 P 21.3 111 123 133 142
50 T 1 .05

1 51 W 3.19 ,45
52 X -1.5 -,05 2
53 K 2 7 1
54 KI COMBINE HYDROGRAPHS AT LITTLE KEEN POND
55 K 1 8 1
56 KI RESERVOIR ROUTING - THRU LITILE KEEN POND
57 Y I I58 YI 11 92 -1

59 Y4 12?1 1291.5 1292 1292.5 1293 1294 1295,5 1296.7 1297,5 1298.5

-~ --- 4--a-



59 Y4 1291 1291,5 1292 1292.5 1293 1271 I..75.5 1;96,7 117 7/".5
60 Y4 1300 1302
61 Y5 0 25 72 131 202 372 83 976 1306 211Y
62 Y5 3903 7240
63 $A 0 19,6 179,5 509
64 $E1276,9 1291 1300 1320
65 $$ 1291
66 1D1296,
67 K 1 9 1
68 KI ROUTING THRU REACH 8 - 9
69 Y 1 1
70 YI I
71 Y6 .1 .08 .1 1280 1340 550 .0073
72 Y7 0 1340 250 1320 410 1300 700 1280 710 1280
73 Y7 900 1300 1000 1320 1120 1340
74 K 10 1
75 Ki INFLOW HYDROGRAPH - LANE LADORE SUBAREA

4 76 M 1 1 3,37 14,53
77 P 21.3 111 123 133 142
78 T 1 .05
79 W 2.28 .45
80 X -1.5 .05 2

- ,81 K I It 1
82 KI RESERVOIR ROUTING - THRU LAKE LADORE
83 y I I

1 84 YI 1 1603 -1
85 Y4 1367 1367.4 1367.7 1368 1369 1370 1371 1371.5 1372 1372.586 Y5 0 36 81 155 491 1002 1694 2291 3311 4586
97 $A 0 261 390
88 SE1349.6 1367 1380
89 $S 1367
90 $D 1371
91 K 12
92 hl ROUTING THRU REACH If - 12
93 y I I
94 YI I
95 Y6 ,1 .08 .1 1280 1340 1050 .06
96 Y7 0 1340 100 1320 290 1320 300 1300 350 1280
97 Y7 470 1300 520 1320 650 1340
98 K 13 1

__ 99 KI INFLOW HYDROGRAPH - KEEN POND SUBAREA
100 M 1 1 .91 14.53
101 P 21.3 111 123 133 142
102 T 1 05
103 W ,9 ,45
104 X -1.5 -.05 2
105 K 3 14 I
106 Ki COMBINE HYDROGRAPHS AT KEEN POND
107 K I 15 1
108 Ki RESERVOIR ROUTING - THRU KEEN POND
109 Y I I
110 Y1 1 B07 -1
III Y4 1272 1272.5 1273 1273.5 1274 1275 1276 1277.5 1278 1278,3
112 Y41278.7 1279.3 1281,5 124
113 Y5 0 27 79 158 252 485 762 1252 1449 1598
114 Y5 1842 2325 5190 9850
115 $A 0 91,8 123 197
116 IE 1243 1272 1280 1300
117 $$ 1272lip t'q/5 

!



116 SE 1243 1272 1200 1300
_ 117 $ 12/2

i18 $01277.5
119 B 50 1 1259 .25 1272 In1,.5
120 $B 50 1 1258 ,5 1272 1281.5
121 SB 50 I 1258 I 1^72 121.5
122 K 1 16
113 KI ROUTING THRU REACH 15 - IA
124 Y 1 1
125 Yl 1
126 Y6 ,1 ,06 .1 1237 1280 1850 .0097
127 Y7 0 1280 200 1260 590 1240 650 1237 655 1237
128 Y7 700 1240 1050 1260 1260 1280
129 K 99

PREVIEW OF SEQUENCE OF STREAM NETWORK CALCULATIONS

RUNOFF HYDROGRAPH AT I
ROUTE HYROGRAPII TO 2

ROUTE HIYDROGRAPH TO 3
ROUTE IYDROGRAPH TO 4
ROUTE HYDROGRAPH TO 5
RUNOFF HYiROGRAP1 AT, 6
COFBINE 2 HYDROGRAPHS AT 7
ROUTE HIIYDROGRAPH TO 8
ROUTE HYDROGRArlI TO 9
RUNlOFF HYDROGRAPH AT 10

*ROUTE HYIROGRAPH TO it
ROUTE I4YBROGRAP" TO
RIJWJFF HYDROPRAFII AT 13
COMBINE 3 IIYDROGRAPHS AT 14
ROUTE HYDROGRAPH TO 15
ROUTE HYDROGRAPH TO 16
END OF NETWORK

FLOOD HYDrOGRAPH PACKAGE (HEC-I)
DAM SAFETY VERSION JULY 1978

LAST MODIFICATION 26 FEB 79

RUN DATE$ 79/12/20.
TIME* 14,10,42.

KEEN POND DAM **$0 VAN AUKEN CREEK
CANAAN IWP., WAYNE COUNTY, PA.
NDI I PA-00092 PA PER 1 64-13

JOB SPECIFICATION
NO NHR NMIN IDAY IIIR IMIN METRC If[T IPRT HT To"

300 0 15 0 0 0 0 0 -4 0
JOPER NWT LROPT TRACE

5 0 0 0

MULTI-PLAN ANALYSES TO BE PERFORMED

PTRNPLAN= 3 NRTIO= I LRTIO: I
-.TIOq= ;19



PEAK FLOW AND STORAGE ([NUli OF P'EL8WP ) 9i;4Y FinR NiA.1ilI .11 .i; --A I .O EC1t.0I?:1 11 1,1l 1 . :
LOWS IN V:UbC Frt PI R 51I010 (CUIwC 1l1fl,; I LR SE!;fl'ifi

AE IN SOV(RE MILES (SOPI.E KIflhEft&S)

ff~~~pl IS' Ar'l'l fI] T( O S"

OPERATION STATION AREA PLfAN RATIO .1

0 .3Y

HYDROGRAPH Ar 1 .89 1 927.
( 2,31) ( 27,95)(

2 907,
( 27.95)(
3 987,
( 27.95)(

* ROUTED TO 2 ,89 1 30.
2.31) C 1,07)(

2 38,

3, 38.
( 1.07)(

.4 ROUTED TO 3 ,89 1 38,
( 2,31) 2 1,07)(

2 38.
( 1.07)4

3 38,
1,01)(

ROUTED TO 4 .89 1 32.
231) 1.07)(

2 32,
* ( 1,07)4

3 38.
( 1,07)4

ROUTED TO 5 .8? 1 38,
2,31) 1 1107)(

2 38,
( 1.07)(
3 38.
C 0 1,071(

HYDROGRAPH AT 6 9,36 1 5369,
24,24) 1 52,03)(

2 5 3j 7

3 5369.
(152,03)(

2 COMBINED 7 10.25 1 5329,
( 26.55) ( 152,58)(

2 5388.
( 152.58)(
3 5308,
( 152.58)(

, ROlTED TO R Io.?5 I 4 .



/WN

o ROUTED to 8 10,25 1 1459,
26,55) 131.72)(

2 4 9?.

( 131.72)(
3 409:,

ROUTED TO 9 10.45 1 A, 65
o0 ( 26,55) ( 131.92)(

2 4659,
( 131.72)(
3 4659.
( 131,92)(

HYDROGRAPH AT 10 3.37 1 2390,
( 8,73) ( 67.68)(

2 2.90,
67,68)(

3 2370.
( 67.68)(

ROUTED TO It 3,37 1 1044,
8.73) ( 27,57)(2 1044,

I 29,51)(
3 1044,
( 27.57)(

ROUTED TO 12 3.37 1 1041,
( 8.73) ( 27,J,)(

( 27.j7)(
3 1044,

29,57)(

HYDROGRAPH AT 13 ,91 1 1051,
36) ( 29.76)(

2 1051,
( 27-76)(

( 29.76)(

3 COMBINED 14 14.53 1 5905,
37,63) 111.38H

-- 2 o805,
( 164.38)(

C 164.38)(

ROUTED TO 15 14.53 1 740,17.

2 2456,
( 611.53)(
3 17269.
( 505.98)(

ROUTED TO 16 14.53 1 22836,

( 37.63) 1 646,64)(

I Ir4
?,



ROUTED TO 16 14,53 1 2MY2 ,
( 37.63) (fA~)

7 19147,
( 56W.??}(

3 (7060.

*ISUIqIAP( 
f 1'(,i '1 El u: h ;!h

o PLAN ............ IfIIAL VALUE SPILLWAY [REST TOP OF DAlN
E.LEVAIIOIN 1419,01 1417,O0 1424.90

STORAGE 2722t 290 4061,

W OUTFLOW 0. 0, 198,

" RATIO MAXIUM AXImIIM tAXlIUli hAXIMUM DURATION TIME OF TihP ,F

OF RERVOIR DEPTH STORAGE OUTFLOW OVER TOP IAX OUTFLOW FAILUI'E

PMF WS.ELEV OVER DAM AC-Fl CFS HOURS HOURS HOUPS

,39 1421,09 0.00 3301, 38. 0.00 48,75 0.00

SPLAN 2 ............... INiTIAL VALUE SPILLVAY CREST TOP OF DAM
ELEVATION 1419,01 1419,00 1424.90

* SI0R AuE 2?92. 2720. 4061,

OUTFLOW 01 0. 19a.

Q
RAIO MNXIMinUM AXITOUh MAXIMUM mtAXImuhM DURATION TIME OF TIOE 01

OF rLSERVOIR VEYIH STObOE OUTFLOA OVER lOP hX OUi-LO£ FAI.UR -

PMF Q,SELEV OVER DAM AC-FT CF5 HOURS HOURS HOURS

.39 1421.09 0.00 3301. 38. 0,00 3,75 0,00

RLAN 3 .... , .......... INITIAL VALUE SPllLo1p'f CREST TPOF DAM
PLA EL3.VA4T 4 0 1419,01 1419,U0 1424.?0

STORAGE 29212. 4061

OUTFLOW 01 0. 198,

RATIO ,iiNUM MAXUtl MAXUM MAXIMUM DURATION TIE OF TiME OF

OF ESE.RVOIR 1E006 STORAGE OUTFLOW OVER TOP MAX OUTFLO F l 0 E

FMF W,S,[LEV OVER DAM AC-FT CFS HOURS HOURS HOURS

.39 1421,09 0,00 3301, 3B. 0.00 48.75 0,00

A FLN I StATI00 3

V RATIO FLOIICFS SIAOLPFT HOURS

,39 38, 1371.1 49.00

PLAN 2 STATION 3 A

. .. -, - '_ _ '_ -- ,, , ., . "'



IAX I MUM M f X W il II ill.
RATIO FLOCFS 5ATMGdf I HOURS

.39 33. 1371.1 i?.00

PLAN 3 STATION 3

MAXIMUM MAXIHUII TIME
RATIO FLOWYCFS STAGEYFT HOURS

.39 38. 1371.1 49.00

PLAN 1 STATION 4

MAXIMUM MAXIMUM TIME
RATIO FLOWCFS STAOEFT HOURS

,39 38. 1331.1 50.00

-, PLAN 2 STATION 4

MAXIMUM MAXIMUM TIME
(l RATIO FLOWCFS STAtEFT HOURS

.39 38. 1331.1 50,00

PLAN 3 STATION 4

MAXIMUM MAXIMUM TIME
RATIO FLUWCFS STAGErFT HOURS

** .39 38, 1331.1 50.00

PLAN I STATION 5

MAXIMUM MAXIMUM TIME
* RATIO FLOWCFS STAGEvFT HOURS

,39 38. 1300.1 50.50

PLAN 2 STATION 5

MAXIMUM MAXIMUM TIME
RATIO FLDWCFS STAGEFT HOURS

.39 38. 1300.1 50.50

PLAN 3 STATION 5

MAXIMUM MAX IMh TIME
..... . .. pt lT'? r?' ' rr "



t;A I, i I M I ,AI W I .

,10 2 LO50

r tjj jl II I I , 1 
i 

I I ,,i1

PLAN I ,I,,, ... ,,.. ITIAIltL VALUE SVILLIAY rTiSE TOP OF i,1
ELF VTION 1290.78 1291.00 1296.70
STIORGE 72. 92. 409,
OUTFLOW 0. 0. 976.

RATlO AXhIUm MXltiUt tohXimil 0-,!i 2XIJPU1 [UAUIFTION TIME OF T 11f1 (if
OF RESERVOfR [LEFTI SIORACpE OUIFLOW OVER TOF' MAX OUTFLOW FAIL 1;'E
~rF ,!SEI.V OVER ppAM AC-FT CFS HOURS HOURS HOUF S
.39 1300,45 3,75 950, 4659, 15.50 44.50 0)0

PLAN 2 ........... IIIIAL VALUE SPILLUiY CREST TOP OF P M
ELI.V6 [ON 1290198 12'1, ( 1296.70
STORAi( E 97. 92, 409.
OUTFLOW 0. 0 976.

RAriIO MAXI f"111 MAXIMUM iAXIibi fMXIMUM DURATION riME C TI 1-:
OF RESERVOIR 1EItH IORAIGE OUtFI-OVI OVER TOP littAX 91.'FLOW F:I r.

1:1F W 1 S, ELEV OVER D001 AC-FT CFS HGURS HOUF:S H

.37 1350,45 3.75 . 4659, 11,,0 44.50

PLAN 3 ............... Iltll t L VALUE SIIIL.( CREST TOP OF V"it
ELEVT I'dlON 127T0, 8 121,0IT 12. 70

,.-,, STfrE T2 B2, 4r;.
OUTJLOW 0. 0. 976.

R A.tI M A XIMU1 m IIAX T rlI)! m XI MI ;VY I Pl I [RATION TiOE OF
.iF RISIR [ EPTHI SiOVAR5 OUIFLOW OVER TOP' Mi'X 01iU ITFLOW F;! ,r

PlF , S ,EL.EV OVER Ili'i AC-f- I CFS HOURS H)UiR- S ii

.39 1300.15 3.75 yt.0 4659, 15.50 .44,50 .O01

FLAN I TA ION 9

IAXIMUM MAXIMUM TIME
RATIO FLOU.CFS S TA f.dI HOURS

.37 4659# 128.8 44.50

PLAN 2 SII1O1 1P

MAX I MIJi M',\ ( f I ! 1,14F
r,~; iri r i !mt.rp ! ,''- t I! I l i ".,**



PLAN 7 fAIllr)il 9

" RAIIO FLOWYCVFO I t" 27
,37 465, d 2 B , 5

PLAN 3 STATION 9

MAXIMUM MAXIMUM TIME

RATIO FLOWCFS S1AGEiFT HOURS

.39 4659, 12,0.8 44,50

SUMMARY OF DAM SAFETY ANALYSIS

PLAN 1 .....,,,,,,,,," INITIAL VALUE SPILLWAf CREST TOP OF DAM

ELEVATIOti 1367o01 1367,00 1371.00

S TOAG 1604, 1601, 2710,

OUTFLOW 1, 0. 1694.

RATIO MAXIMUM MAXIMUM MAXIllUM MAXiMlUl DURATION TIME OF TIME OF

OF RESERV]iR DEFTH STCRAGE OUTFLOW OVER TOP MAX OUTFLOW FAIL.UE

PMF WS.ELEV OVER DAM AC-FT CF5 HOURS HOURS HOURS

.39 1370406 0.00 2442. 1044# 0.00 46.25 0,00

PLAN 2 ,,............ INITIAL VALUE SPILLWAY L[EST TOP OF D4AM

ELEVATION 1367.01 1367,00 1371.00

STORAGE 16044 1601. 2718.

OUTFLOW 1# 0. 1694,

RAIIO MAXINUM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME oil

OF RESERVOIR DEPT1I STORAbE OUTFLOW OVER TOP MAX OUTFLOW FAILORE

PKF W.S.ELEV OVER DAK AC-FT CFS HOURS HOURS HOURS

.39 1370,06 0.00 2442. 1044, 0,00 46.25 0.00

PLAN 3 .......... INITIAL VALUE SPILLWAY CREST TOP OF PAM

ELEVATION 1367,01 1367,00 1371,00

STORAGE 1604, 1601, 271,.

OUTFLOW , 0. 1694.

RATIO MAXIMUM MAXIMUM MAXIMIUMi MAXII UO DURATION TIME OF TImE (.F

OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAIIIIF

PIlF W.S.ELEV OVER DAM AC-FT CFS HOURS MOORI F,'S IHOURp,

639 1370,06 0400 2442, 1044, O,0 46.25 0,00

PLAN I STATION 12

' HlAn .IUU"  ri IlM TIME

RAM~f ri nw~rl r I.irr 7 llr4JM;"



r"!r(I f.010 3f S 14C- 7 PiT.

['LAN 2 STATION 12

llbAlpvl HIhIFS1 T]IPE
RATIO FLUL4YCFS Sl (GE,9F T HOURS

0.37 1044t 1205.0 46.25

0 PLAN 3 STATION 1

.37 1014, 1285.0 46.25
SU11MARY OF DANI SAFETY ANALYSIS

PLAN I ,....,4 INI h14 VALUE SPW!Ll.4 CFiEST TOP OF 141M

___ S1OkGE 807, Bel,14l.7

OUlF..O 01 01 1252.

R(FT A~ih MAX1fi( U M AXTIU MOX [;0, PURAT I CN TIME OF TII 1! f
OF RTBEiRVT) Kpll SIOdRAlF. Ou LuFLTj WI~RTP mx oi0 ThFLOW F(4 I !1f

oPNIF W.S.ELEV OVER PANl AC-FT CTS HuUR K -,A dLS

.39 1281.51 4,01 1"13 31  2431,' 3.98 45#2500

PLAN 2 ,,.,,..... INITIAL V.ALUE SP ILt WTr! SE 5T TOP OF BAli
ELEA~ON 27.0 1272.00 1277-J0

007. 007. 1443.
OUTFLOW 0f 0. Z252

RATIO l'~lXIull MfYPIktl MAXIMUM 11AXIV Ijil DURATION TIfL OF TjI'l
OF KE;tliVO1R F'1T1 SIG6CEO 0U61I1LO OVER TOP MAX OUTFLOW FAILEIJ

* [Ff W.S.ELEV OVER D~AM AC-FT Cs HOURS HOURS '

13? 1281,51 4.01 19.3., 215 1; 4.13 15.50

PLAN 3 too.... .,,, 1111 iLl VALUE SPLVY.'.'V' fTFST TOP OF 1 I
Ell VATION 1272,00 12/.UOO0 1277. 5O
SIORAOE 6137s BB. 144Q.

061104 0 0,11121

RAl TO MAX 1MI1i MAY I11MUM MAX Ih M AX11FII lliRT 10-14 7 it-;
ti 1 R RV1 R fPPI SIOPACE fliI t1,',, Cvt 11F m-

UKF .C.ufl i.'.' PnR PA14 AC FT



I AD-AO1 586 BERBER ASSOCIATES INC HARRISBURG PA F/6 13/13
I NATIOGIAL DAM INSPECTION PROGRAM. KEEN LAKE DAM (NPI NUMBOR PA0-ETC(U)

JAN 80 DACW31-80-C-019
UNCLASSIFIED ML

END

2420001;0000



"q h ~ t . , i . ; ! 1 I

0 PMF ,,4,EI.f.'J OP PAH At .I r f!"IT"

.39 1281.51 4.01 193.x, '17, 3, "1 4 , 1

PLAN 2.............. IN!IfLk VALUE F'Il Uwfy Ee T , ,l
PF-UM/ION 22O 12?2'' L..L!., EV,., N 211100 1 27 2, 0

OUTFLOW O, O, 1252,

RATIO MAYIMUM MAXlWi MAXIMIUM MAXIMUM DURATION TIME OF TIrl Iur

OF RESFRVOIR DEPIH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAII.I'E
i FIIF WS.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

439 1281.51 4.01 1933, 21596. 4.13 45.50 45.00

PLAN 3 .............. INITIAL VALUE SPILLWAY CREST TOP OF DAI
ELEVATION 1272.00 1272.00 1277.50

STORAGE 807. 887. 1449,
OUIFLOU 0. 0. 1252,

RATO MAXIMUM MAXIMUM MAXIMUM MAXIMUh DURATION TIhE OF TIHL OF
1OF RESERVOIR ILPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILVtE

PHF W.S.ELEV OVER DAM AC-FT CFS HOURS HOURS HIJRS

O ,39 1281,51 4,01 1933, 17869, 4,44 46,00 45-00

. PLAN I STATION 16

MAXIllUn MAXIMUM TIME
RATIO FLOWCFS STAl3ErFT HOURS

,3? 22836, 1249.7 45,50

PLAR 2 STATION 16

MAXIMUK MAXIM,3lUm TIME

RAIIO FLOWCFS SIAGEFT HOURS

,39 I847. 1247.0 4S,50

PLAN 3 STATION 16

MAXIlUim MAXIbUm TIME
RATIO FLOWCFS STAOEFT HOURS

.39 17060. 1248.3 46.00

FLOOD HYDROGRAFH PACKAGE (HEC-I)
DAN SAFETY VERSION JULY 1978

LAST MODIFICATION 26 FEB 79

9FOT FNCOUNTERED,
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GEOLOGIC REPORT

Bedrock - Dam and Reservoir

Formation Name: Catskill Formation - undifferentiated.

Lithology: Grayish red to greenish gray and mottled red-gray

siltstone interbedded with silt-shale, and fine sandstone.

Structure

The site is within the Pocono Plateau area and the beds are

r essentially horizontal. There is probably a slight regional dip to

the west, toward the Lackawanna Syncline. Air Photo fracture

traces trend: N450 E, N20°E and N30
0 W.

Overburden

This dam was built in the 1830's and almost no foundation informa-

tion is available. The site is within the limits of Pleistocene

glaciation and variable thicknesses of ground moraine and outwash

sand and gravel can be expected in the area.

In 1933, a cut-off trench was dug at the upstream edge of the

spillway and was reported to be four feet deep, in clay.

Aquifer Characteristics

The rocks of the Catskill Formation are essentially impermeable,

ground water moves entirely along bedding planes and fractures.

The most permeable aquifers in the region are the sands and gravels

of glacial origin, which are commonly present in the stream valleys.

Discussion

The overburden in the gorge is small and it is likely that the

wall was founded on rock. Leakage under the dam and in the right

abutment continued after the 1933 repairs. The clay reported at

the spillway could he the fill placed behind the wall. The leakage

is apparently not serious, and at this late date is not likely to

cause deterioration of either the bedrock or the till.

Sources of Information

1. Manuscript Geologic Map of the Waymart Quadrangle, in open

file, Pa. Geologic Survey, Harrisburg, Pa.



2. Berg, T.M. (1977) "Geology of the Pocono Pines and Mt. Pocono
Quadrangles". Pa. Geologic Survev, 4th series, Atlas 204cd.

3. Air Photos. Scale 1:24,000, dated 196).

4. Inspection reports and correspondence in file.

1



GEO'LOG~IC MI - 1iceli Pond Daml~

C0'

:4-

Pon ---

~ Catskill Pm. - undifferentiated

I~ppiCatskill Pm. - I'ackerton member thlroughl Poplar' Gal)
E u member

-. -. air photo fracture trace

SCALE I1.24000
3 0 1 MIL

3000 0 l000 200 X=0 4DO m00 00M 7000

1 .5 0 1 KILOMETRt~

CONTOUR INTERVAL 20 FEET


